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(54) Device for forming holes in tissue 

(57) A surgical instrument (10) for creating holes of 
a predetermined diameter and depth in body tissue 
comprises a tubular catheter (1 2) having a compression 
spring (20) affixed at its dital end and attached to the 
distal end of that spring is a tissue ablating dev.ce (22 
which may, for example, comprise an electrosurgical 
monopolarorbipolarelectrodethatisconnected by con- 
ductors extending through the lumen (1 8) of the catheter 
to an electrosurgical generator at its proximal end. 



When the instrument is brought in contact with target 
tissue with a force sufficient to compress the coils of the 
spring against one another and then ablating energy ap- 
plied tissue will be removed as the spring is allowed to 
expand out to its uncompressed length. The depth of 
the hole thus created is equal to the difference (d) be- 
tween the lengths of the spring when compressed and 
uncompressed. If desired, a suitable drug can be deliv- 
ered into the thus created hole via a lumen in the cath- 
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Description 

BACKGROUND OF THE INVENTION 
'• Field of the Invention - 

[0001] This invention relates generally to surgical in- 
struments, and more particularly to a device for creating 
holes of a predetermined depth into body tissue. 

II. Discussion of the Prior Art : 

[0002] m conducting various surgical procedures it 
often becomes desirable to form a hole of a given diam- 
eter through tissue in such a way that the depth of pen- 
ned fn" 1 ^ ° A P 1 ***™ 
referred to as transmyocardial revascularization (TMR) 
may be applied endocardial^ or epicardially in revascu- 
anzing ischemic tissue. Here, small holes are drilled in 
the myocardium to allow blood to reach areas of the 
heart normally served by arteries or arterioles but which 
may have become occluded due to coronary artery dis- 
ease. A , SO) where an artery has becQme sQ obstr y 

hatagu.de wire commonly used in percutaneous trans- 
luminal coronary angioplasty procedures cannot be 
passed, a need exists for an instrument to bore through 

he stenotic lesion in a controlled fashion so that the af- 
fected artery is not perforated. 
[0003] Instruments especially designed for carrying 
out atherectomy procedures in larger arteries generally . 
involve a catheter supporting a rotatable cutting blade 

sTon T mere ° f f ° r aJt ° ng thr ° U 9 h « le- 

sions and with sucbon being applied to remove the de- 
br,s created during the cutting procedure. Generally 
speaking, the depth of penetration is controlled strictly ; 
by t e operator in advancing the catheter. The instru 
ment it self has no built-in structure for controlling the 
depth of penetration. 

[0004] A need therefore exists for a surgical instru- 
cedures or in laparoscopic or intravascular procedures 

lTdtth T ° f 3 Predete « diameter and £ 
s red depth d.mens.on in multiple incremental uniform 
steps in target tissue structures. 

SUMMARY OF THE INVENTION 

[0005] The present invention provides a surgical in- 

fl nZ en !H 0 w- f0rmin9 h ° leS ° f 3 P red *ermined diameter 
and depth dimension in selected tissue. In accordance 
Wrt ha Pre ferr ? embodimen t , it compr.es anSngaed 
catheter or tubular sheath having a proximal end, a dis- 
tal end and a lumen extending between these two ends 
A compression spring or spring-loaded cutting tip of a 
predetermined length dimension, when uncompressed 
is affixed to and extends from the distal end of the cath- 
eter. A tissue ablating device is carried by the compTes- 
s-on spring and is adapted to be pressed against Z 



selected Ussue ,„ wh,ch a hole is to be bored with suffi- 
cient force to compress the spring. When the tissue ab- 
lating device is energized, a portion of the selected tis- 
sue abutting the ablating device is removed, allowing 
me spnng to expand to its uncompressed length dimen 
s.on. Thus, the depth of penetration is equal to the dif- 

isr; r ee : ** «* 

length of the coil spring. 

w 2!?L tiSSUe ablatin 9 device m *Y emprise an 
W ^f rode on the «P adapted to be energized Z 
RF energy or, alternatively, an optical fiber adapted to 

n^ ner9,2 ! d l by 3 80Uree ° f ,aser ener 9y- A »W alter- 
native would be to use an ultrasonic transducer on me 

DESCRIPTION OF THE DRAWINGS 

*> [0007] Theforegoingfeatures.objectsandadvantag- 
es of the invention will become apparent to those skilled 
n the art from the following detailed description of a pre- 
ferred embodiment, especially when considered in con- 
^ junction with the accompanying drawings in which: 

Figure 1 is a side elevational view of the tissue drill- 
ing instrument of the present invention- 
Figure 2 is a right end view of the instrument of Fig- 

30 SnV,' 5 3 Partia ' SWe Vi6W ° f an ^rnatively 
shaped electrode for use with the instrument of Fig 

Figure 4 is a partial side view of the distal end por- 
tion of an alternative embodiment in which the pen- 
non depth of the instrument can be varied, and 
Figure 5 ,s a partial side view of the distal end por- 
tion of a further alternative embodiment having a tel- 
escoping ablation member. 

« DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0008] Referring to Figure 1, there is indicated gener- 
aj by numeral 10 a surgical instrument for forming 
holes in bssue structures where the holes are of a pre 
determmeddiameteranddepthdimension. Itcomprises 

14 andTi t ? U H r mCmber 12 h3Ving 3 » «<d 
113? I 6nd 16 3nd ^ 3 lumen 18 extending 
therebetween. Affixed to the proximal end of the tubula^ 

so ta £T 12 iS 3 m °' ded p,astic hub 19 wni <* "-ay 
» take on a vanety of configurations but in Figure 1 is 
shown as a simple female Luer connector 
P>009] Affixed to the distal end of the tubular body 
member 12 ,s a compression spring 20 of a predeter 
mined length dimension such that the difference, d be- 
5 5 tween its fully compressed condition and its uncom- 
pressed condition will control the depth of the hole to be 



2 



EP 1 097 676 A1 



[0010] Affixed to the distal end of the compression 
spring 20 is a tissue ablating device 22. The tissue ab- 
ating device 22 may comprise an electrosu^al elec- 
trode (monopolar or bipolar) that is adapted to be cou- 
pled via an insulated conductor, passing through the u- 
men' 18 to a radio frequency electrosurgical generator 
of conventional design (not shown). 
Soil] Thetissueablatingdevice22mayaltemat lV ely 
Lp fee a lens for focusing laser energy delivered 
through the tubular catheter body 1 2 by an optica fiber 
whose proximal end is coupled toasource of laser light 

[0012] The tissue ablating device 22 may also be an 
ultrasonictransducerthatisconnectedbyelectncacon 

ductors passing trough the iumen 18 of the cathe^o 
connection to a ultrasound power supply (not shown) 
coupled to the proximal end of the instrument 10 
[0013] The catheter 12 may be rigid when mtended 
lor use in an open surgical procedure or a laparoscopic 
procedure, but for intravascular applications the cathe- 
ter body 12 is preferably formed from a flexible plastic 
material, such as are commonly used in the manufac- 
ture of diagnostic coronary catheters that may be intro- 
duced, for example, into the femoral artery and ad- 
vanced over a guide wire until the tissue ablating dev.ce 
is disposed adjacent target tissue to be penetrated. To 
accoLodatepas S ageoveraguidewire,suchasgu:de 
wire26inFigure1,itis P referablethatthet.ssueablating 
device 22 beVvided with an opening28 therethrough 
as shown in the distal end view of Figure 2. Also, the 
opening may permit drug delivery to the target site via 
the guidewire lumen. 

[0014] Figure 3 illustrates an alternative shape con- 
igura ion which may be advantageously used when be- 
ing advanced against tissue that is at an angle to the 
.ongitudinal axis of the catheter. By providing a sharp- 
ened tip 30 on the tissue ablating device 22', any ten- 
dency for the tissue ablating device to slide along the 
tissue structure will be inhibited. 
[0015] In using the hole forming instrumen 10 of Fig- 
ure 1 the operator will advance the catheter 12 until he 
tissue ablating device 22 on the distal end thereof is 
brought into engagement with the target tissue^ The 
catheterwillthencontinue to be advanced wUh sufficient 
force tocompress the spring 20 so that its 
another. Now, by energizing the ^J^J 
22 while holding the catheter stationary, the tissue struc 
ture in which it Is in contact will be ablated allowing the 
spring 20 to extend its full length, creating a hole in the 
tissue whose depth is the difference between the com- 
J essed length and uncompressed length of the spring 
20 If it is desired to increase the depth of penetration 
into the tissue, after de-energizing the tissue ablating 
device 22, the catheter 1 2 can again be advanced in the 
distal direction to the point where the spring 20is ajain 
fully compressed. At this point, a second enervation 
of the tissue ablating device 22 will again result in the 
expansion of the spring 20 to its full length thereby e - 
fectively doubling the hole depth. Because each step is 



of a precise, known length, the composite hole depth 
can be accurately determined. 
[0016] In the embodiment of Figure 1 , the extent o 
advancement of the tissue ablating device into the target 
s tissue upon energization is determined by the particular 
spring 20 employed on the catheter. Figure 4, which 
shows only the distal end portion of the instrument of 
Fioure 1 is designed to allow the surgeon to set the dis- 
tance that the spring is allowed to expand. Here, the 
.o catheter body 1 2 has an end cap 32 having a clearance 
bore 34 formed through it and an annular pattern of 
ratchet teeth formed on its proximal facing side. Aspring 
20' is affixed to the end cap 32 and attached to the op- 
posite end thereof is a tissue ablating device 22 Com- 
ts pleting the assembly is a threaded screw 36 that is af- 
fixed to the device 22' and that passes through the cent- 
er of the helix comprising compression spring 20 and 
through the clearance bore 34 of the end cap 32 into a 
nut 38 having matching ratchet teeth on its distal facing 
20 surface. By rotating the device 22', the degree of exten- 
sion of the spring and its attached tissue ablating device 
becomes adjustable. More particularly, with the teeth on 
the nut 38 mating with those on the end cap 32, rotation 
of screw 36 adjusts the span between the end cap and 
2 s the ablating device 22'. With the device abutting the tar- 
get tissue, a pushing force applied to the catheter 12 
will disengage the ratchet teeth on the nut rom those 
on the end cap and will compress the spring to the point 
where its coils abut one another. Now, when the energy 
30 is applied to the ablating device 22' and tissue ,s re- 
moved, the spring can only expand to the extent permit- 

of the distal end portion of the hole forming catheter 
35 comprising a further preferred embodiment. In this ar- 
rangement, the tissue ablating device 22" ^ ^.ngly re- 
ceived within the lumen 1 8" of the catheter body 1 2 and 
a portion thereof projects beyond the distal end 16 of 
the catheter body. Formed internally of the lumen 18 is 
4 o an annular stop 40 against which the , proximal end of 
the spring member 20" abuts. The distal end of the 
soring 20' cooperates with the tissue ablatmg device 22 , 
normally urging it in the distal direction. Depending on 
the nature of the tissue ablating device, energization 
45 therefore may be conveyed either over ™ 
ductors 24" that extend through the lumen 1 8 or via an 
optical fiber where laser energy is employed^ 
[0018] As with the above-described embodiments 
when used, the catheter 10" is percutaneously inserted 
so 1 he body and routed therethrough until the tissue 
ablating device 22" abuts the target tissue where a hole 
is to be created. The catheter is continued to be ad- 
vanced until the spring 20" is fully compressed such that 
its coils abut one another. While holding the catheter sta- 
55 tionary, the tissue ablating device 22" is appropnately 
energLed with electrical or light energy to thereby -ablate 
tissue against which it is placed. As the tissue disinte- 
grates, the spring 20" is allowed to expand and advance 
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2^ ^ at ' n9 d6Vtee 22 " until the S P™9 b fully ex- 

££L « of 30 incfeased dep,h fe 

forgoing step may be repeated a number of times with 
each iteration resulting in a penetration distance 2 
to the d.fference between the compressedTengthTnd s 
uncompressed length of the spring 20" 9 

SSS J? eithe , r embodiment - * is to **« 

a drug into the newly created tissue perforation by ecu 
Pjng a syr.nge to the Luer fitting 19 and injecfegTe 
drug through the lumen 18 and out the centraJ ope'nl , 0 
of the annular tissue ablating device 22 9 
[0020] This invention has been described herein in 

SS^*" 5 order to ™* 

statutes and to prov.de those skilled in the art wrth the 

mu Z u " Ch s P ecialize d components as are 

ton h V6r ' ' tiS 10 beund ^stood that the inven 

as to th. " Vari0US ™dificat.bns, bofh 

™ r e H q ? mem and ° Peratin 9 P^dures, can be 20 
ZSS, teT h ° Ut dePartin9 fr ° m ^ S ^ ° f «* 



Claims 

25 

1 ' de P nthl U H J' f ° rming h0,6S ° f 3 P^termined 

Ind^T^ Cath6ter haVing 3 P™™' 30 
Seen 6 3 ' Umen eXtending there " 

(b) a compression spring having first and sec- 
ipnnZ ' SPrin9 being of a Predetermined 35 

Sln?K enSIOn WhSn uncom Pressed with the 
fist e nd 5eing affjxed proxjmate djsfa| e ^ 

tonn> H^? 16 ' 3nd With the spring ending 
longitudinally therefrom; and 

(c) a tissue ablating device operatively coupled « 

uch'thT"' ° f SaW ""Won spring 
such hat upon actuation, said spring expands 
'-nearly to provide longitudinal displacement of 
sa,d tissue ablating device, and adapted to be m 
pressedagainstsaidselectedtissuewithsuffi- <s 
cient force to compress said spring with subse- 
quent energization of the tissue ablating device 
ablating tissue distal to the tissue ablating de- 1 1 

v.ceanda.lowingthespringtoexpandtoteun 
compressed length dimension. 50 

2 " ll^nn P h aratUS 35 in C ' aim 1 wnerein ^ «ssue ab- 
lating device comprises an electrosurgical elec- 

slid J eCtnC3 ' °° ndl,ctor P 888 "* trough 

said lumen and conductively connected to theelec- 



trosurgbai electrode. 

4 " T ^T' atUS 33 in C ' aim 1 Wherein lhe «ssue ab- 
ating dev.ce comprises an optical fiber and a 
source cf laser energy coupled to said optical fiber. 

5- The apparatus as in Claim 4 wherein the optical fib- 
er extends through said lumen. 

gical electrode is an annulus. 

? " ^!,T[ at !! SaSinClaim2wherein theelectro S ur- 
g.cal electrode includes a sharp point. 

8 ' T 2l i ^T US 35 any ° ne of C,ai "* 2 and 4 
wherein the compression spring and at least a por 

9. A method for forming holes of a predetermined 

(a) providing a catheter having a proximal end, 
a distal end and a lumen extending thereby 

? D 2' T T eter having 3 "V-*n 

S ! S3ld P redete ™ined incremental 
length when uncompressed disposed on said 
djstal end of the catheter with the spring sup- 
porting a tissue ablating device thereon 
b) routing said catheter percutaneou'sly to 
reach said selected tissue- 
^pressing the tissue ablating device against 

^ese,eote dt issuewi,haforc es ufficienttofuny 
compress the spring; y 

(d) energizing the tissue ablating device to ab- 
late the selected tissue sufficient to allow the 
spring 0 expand to its predetermined incre- 
mental length; and 

Jiif w e f" n9 ' tepS (C) and ^ un «' a hole of a 
des.red length in the tissue has resulted. 

Ift^ hOd0 L daim9andfurtherincludin 9thestep 
of njec ,ng a drug through the lumen anS into the 
hole following step (e). 

SSL'* 9 ^ ° f 3 P^termined 

Sd a a n i n , 9at ! d Catheter - ha ving a proximal 
beieen? ' Mn ° there " 

SothT^ 83 ' 0 " Sprin9 ° f 3 P red etermined 
length dimension when uncompressed affixed 
proximate the distal end of the catheter; and 
(c) a tssue ablating device operatively coupled 
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to said compression spring, the tissue ablating 
device including an optical fiber extending 
through said lumen and a source of laser ener- 
gy coupled to the optical fiber, the tissue ablat- 
ing device adapted to be pressed against said s 
selected tissue with sufficient force to com- 
press said spring and with subsequent ener- 
gization of the source of laser energy, ablating 
tissue distal to the compression spring and al- 
lowing the spring to extend to its uncompressed »° 
length dimension. 
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FIG. 5 
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STERILITY BARRIERS FOR INSERTION OF NON-STERILE APPARATUS 
INTO CATHETERS OR OTHER 
MEDICAL DEVICES 

Field of the Invention 

Thepresentinventionrelatesgenerallytomedicaldevicesand methods, and 
more particuiarly to the construction and use of a sterility barrier that aliows non- 
sterile apparatus to be inserted into a lumen of a previousiy inserted catheter (e.g , 
a flexible catheter or rigid cannu.a) without contaminating the patient and wh.le 
maintaining a steriie field around the exteriorized proximal end of the catheter. 

Background of the Invention 
in modern medical practice, and particuiarly in the fields of interventional 
cardiologyandinte^ntionalradiology.itissometimesdesirabletoinsertnon-stenle 

apparatus (e.g., an imaging apparatus, scope, sensor, emitter, rotating nve 
member, etc.) into a sealed lumen of a sterile catheter or cannula that may have 
already been pieced in a blood vessel or other anatomical conduit of a pa * 
b0 dy Such insertion of the non-sterile apparatus may be problematic due to the 
need to maintain a sterile operative fteld around the extended proximal poruon of 
the catheter and to prevent introduction of microbes into the blood or body of the 

"^Examples of some types of procedures in which it may bedesirable to insert 
non-sterile apparatus (e.g., an imaging apparatus, scope, sensor, heater, cooler, 
e „sor,drr,erne m ber.et,)intoasea,ed lumen o, a sterile catheter »a, has een 
, p,acedinab,oodvesselorotheranatomicalcondurtofapa B enfsbcd yl nclude,bu. 
arenotnecessanlylimitedto.intravascularuHrasoundimagingONAJSlprocedures, 
b a,,oon angioplasty procedures, stent implantaton procedures, atherectomy 
procedures, embolectomy procedures, and various intervene al procedure 
wherein puncture tracts or channels (e.g., bloodflow passageways)) are formed 

transluminals advanced tissue penetrating 

States Patent 5,830,222 and in United States Patent Applications 08/730,496, 



WO 01/60427 

PCT/DS01/04472 

09/048,147 and 09/048,147 These , 

peripheral arteries through the use of th* * "'"nary or 

09^ \T\ no " SWeS *** "8/730496 

09^48.147 and 09/048,147, some of those procedures may be performed by a 

and ft. des , d arteno . venous fe . nffia fomed n 

It , 9 htheTO,,0,,heVeini " Whte ^-a* h e t eris P os.o„ed.an t o 

eZd : : art r°- vein approach wherei - - «— > * 

arte* and the des.red arteriovenous passageway ,s initially formed by passing a 

an ntoth lumen of an adjacent vein. In addtoon,* may be advantageous to direa 
a penefraung element d,rec Uy ,„,o other anatomical structures such as £ 
m card.um, pericardium, chamber of the heart or other organs to deL a 
tt.e apeut.c agent to the target location, to im P , an , an electrode, sensor or ol 
d^e a, ,e target ,oca,on, or for o*er reasons as described in United 
Patent Application 09/048, 147. 

nJ"- T 0 ' ^ ** 10 * e deS '' rabi,i,y ° f inse ^ * non-sten,e 
apparatus to . previous ,, nserted sterjle ^ fe 

™ ase T ' Cathe ' ere ° ther mediCa ' " - — 

d 1 T , 68 " 0t re " USeab ' e ' bUt rather are manufactured as 

disable rtems tha, may be used only once and then must be discard Th e 

bit ' ntraVaSOU,aru " rasou "=' ™*ng (Mffi, carters typically cos, 

between .500.00 to J800.O0 each when purchased by a hospita, orTealth carl 
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.ten. implantation procedures may be signer, improved by the use of fVUS. 
rGoidberg.SX.etai.Ben^of^corona^^und/n./.eDep^of 

I 1998 Aug . 19(81:1214-23; Sohiele. F. etal. /mpaof of M»«*r 
" 98A u a ;3 2 ( 2 ):3 2 0-BandB al asi„i.R.eta,., R e S(en o S / 

Aug .44(4)-380-6. However, despite this potential benefit to patents, IVUS * not 
Itntl used in most corona* stent Implantation procedures. The expense 
Zllv* the use of IVUS is believed to be the reason why ,VUS is no, used 
in more stent implantaion procedures. 

small diameter of the catheter. For example, in intervene, procedures wherea 
catheter must be inserted through highly tortuous blood vessels or into vessels of 
~lldiame,er,suchas,hoseof f nebrain,Kisdes,rablefor,heca,heer,obe 

working apparatus (e.g., sensors, drive shafts, wires, ultrasound transducers, *J 
C,bi,i<y of the catheter, itmay be desi ra ble,o insert such working apparats after 

impossibleduetothe material and/or consm 1 oUono, me work J ngappara,us.T^ 
"such cases it may be desirable to insert the non-sterile working appals ,nto 
le I h^ a er the catheter has been inserted into and posted within the 
pa t ien,,w«hou,con,a m ina,in g ,hepatien,or,hes,er,,eope ra ,fve fi e,d m a,n«a l ned,n 

the area of the site a, which the catheter enters (he patents body. 
b arners,opreven.con,amin«^^ 



25 



3 



10 



15 



WO 01/60427 

PCTAJS01/04472 

0"edel> 5.34L810 (Darde,,, 5,490,522 (Darde,,, 5,498,230 (Ada, and PCT 

the pnor art are behaved ,o disclose or teach means for inserting a non-sterile 
elongate apparatus through a sterile field »„rt "°n sterile 

... d and lnt0 a Previously inserted sterile 

catheter, wrthou. contaminating either the sterile field or the patient 

and , A r rdin9ly ' eXi5 ' S ' " eed * e arf f ° r ,he deve '« of apparatus 

dLLT H h Ca,heter ° f n ' 9id ^"^ ~ati„ g the 

pat.entandwh.le.aintainingasteriMeldaroundthepro^rnalendofmeJeter 

Summary of the Invention 
A device of , he present invention generally comprises a) an elongate 
apparatus ( e.,. a fi^le catheter, rigid oannuia, probe or other appa *u t 

patentand that has an enny port formed proximal to the distal portion, b) a lumen 

end o f wh,ch , secured about the ent^ port such that a non-sterile working 

2 ^r 0 ' hee ' 0n9a,eaPPara,US - ^"^^'-•erisconstructedand 
(e.g., lint, dust, particulate matter, residues of chemica! agents, parasites mo.d 

30 , ere hra h ,. " "* >nS °*° n " n ° n - S ' erite apparatus 
30 therethrough will remain and be contained therein. 

.hede^oftheforegoingcharactertoperformaprocedure.vHereinasterileC 



4 



PCTAJS01/04472 

WO 01/60427 

* to be maintained around a site at which the elongate apparatus (e.g.. a flexible 
catheter, rigid cannuia, probe or other apparatus or member) of the dev,ce enters 
the body ofamammalian patient. TOs method generally comprises the steps of a) 
providing a device of the foregoing character that is sterile, b) providing a wortung 
apparatus that issued to pass intothe lumen of the elongate apparatus to perform 
some desired function from a position within that lumen, c) inserting the elongate 

dpos.onlngthesteril^barriersuchthatitextendsthroughthestene.eldw,^ 

p r, and into the lumen of the elongate apparatus, and e) using ft. work,n 
apparatus to perform its desired function. The steps of this method need not 
charily be performed in the order stated in this paragraph, but rafter may e 
peZed in any suitable order that carries out the intended of the 

" further in accordance with the present invention, exampies of types o, 
■working apparatus" that may be inserted through the sterility barrier and ,n,o the 
sealed lumen of the elongate apparatus include imaging apparatus (e.g., 
intravascular ultrasound imaging apparatus), scopes (e.g., endoscopes, 

20 Zo copes), temperature sensors, pressure sensors, stylets (e.g., cafteter + 

optica, fibers or f,ber optic bundles,, magnets (e.g., permenan, magn * 
e ectromagnets), radiopaque markers, radiation Sectors, an x-ray compass as 
sled in United States Patent No. 5,912,945 (DaSirva et a,.), v ; bra„n g 

apparatus, diagnostic apparatus or apparatus for rotational onentat,on of the 

catheter and/or longitudinal positioning of the catheter. 

Furtheraspectsofthepresentinventionwiilbecomeapparenttothoseofskll 

30 in the art upon reading and understanding of the examples and specfic 
embodiments described in detail herebejow. 
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Brief Description of the Drawings 

dev.ce of le n '' * > n9minal ^ *" °' * 0SSUe -heter 

10 Figure 3 ' S " Sn,ar9ed V,6W ° f ^ diS,a ' e " d ° f * e «— «- **» o f 

_ Figure 4 is a longitudinal sectaa, view of a ca»he te , device of the present 
mven.cn mcorporating a treatment element for delivering a therapeutic £Z 
and an orientation eiemen, ,o faciiitate placemen, of I oJ^T^Z 
posrton and rotational orientation within the body 

15 Figure 5 is a longitudinal sectonal view of a catheter device of the present 

-ce r z:;~ ai m view ° f a — ~ 

Figure 7a is an enlarged view of region 7a of Figure 7 
present 8 "", 8 " " '° nSitUdina ' *" °" baSfc ~ device of the 

elongated apparatus within the sea, lumen of the catheter device 
ou Wi noT e9 ^'° n9ftUdin ^^ 

9UK.,ng v nous deuces and specif for delivering an deploying a radl 

30 r: 

Figure 9a is a side view of a pusher device mat is useable to push a radially 
expandable occluder through the guide catheter device of Figure 9 
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Figure 9b is a side view of a radially expandable occluder device that is 
useable in conjunct with the guide catheter or Figure9and the pusher device of 

Figure 9a. . 
Figure 10 is a longitudinal sectional view of a catheter device of the present 

, invention incorporating a detachable tubular sterility barrier. 

Figure 10a is an enlarged view of a portion of the device of Figure 10. 

Detailed Description of Preferred Embodiments 

The following detailed description and the drawings to which it refers are 
0 provided for the purpose of describing and illustrating certain examples and 
presently preferred embodiments of the invention only, and not for the purpose of 
limiting the scope of the invention in any way. 

A The Basic Catheter Device 
,. AbasiocatheterdevicelOoffhepresentinventionisshowninFigurel Th,s 

basic catheter device 1 0 comprises an elongate catheter body 12 attached to and 

and a proximal end PE. A through lumen 16 extends ,ongrtud,nally through th 
catheter device from the proximal end PE through the distal end DE. Such through 
20 ,umen16ma y beusedforadvanceme„,oftheca,he«erdev,ceoveraprev,o V 

contrast agents, orfor other purposes. Asealed lumen 18 extends ^,tu,n* 
from ft. proximal end PE of the catheter device 10 and termmates drstally 
Cosed end 20 located within the elongate catheter body 12. A prox,mal connector 

26 22 is mounted on the hand piece 14 and the sealed lumen 18 o, the devroe 
continues proximally through the connector 22 to facilitate 
advancement of an elongate apparatus (e.g., another catheter, a probe a 
cable, a sensor, an imaging apparatus, an emHting apparatus, etc) ftrough the 
connector 22 and Into the sealed lumen 18 wMn the catheter body 11 An 

30 elongate, tubular sterility barrier 24 has a forward end 26 and a rearward end 2 
The lward end 26 of the sterllKy barrier 24 is attached to the proxrmal connector 
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routine operation, a distal portion DP of the catheter body 1 2 is inserted 
*> the patient body whiie a proximal portion PP of the devlL ,1a 

xtends through the stenie field SP such tha, me rearward end 28 of me stl* 
barne^isiooatedoutsideotmesten-iefieidSF. The atlachmen, beC It 

2 t J 7 m ' Cr ° beS in,r0dUCed ™' thin *• ,n,eri0r ° f tte *"% barne 
^h^einterioroftheseaiediurnenistrornescapin^ntothestedie 
field SF. Also, no openings are formed between the sealed lu men 18 the outer 

PorUorT d ' S * a ' ^ or ^ on ^ of the catheter body 12 such that when the dfestal 
P rton DP ,s inserted into a patients body, any microbes tha, the become 
- «M into the sealed iumen 18 wil, be contained wrthin the catheter body 12 
and will not escape into the patienfs body. 

J hu ^ i " ca ^wherethed i stalpo rt ionDPofthecatheterbody12hasbeen 
mserted , nto the patienfs body and the sterile field SF surrounding the proxima 
P^n ^*. catheter devio e1 0has been estabfehed, a nonlertle" 
apparatus ISmaythen be introduced into the rearward end 28 ofthesterilttybarrie 
ttZT dVa 7 fl ed,hr ° U9hthetUbUlar ^ li 'V^r24and,n.o0 1 epor» to nof«,e 
sealed lumemaiocatedwithinthedistalportlonDPofftecatheterbody^ without 
potent,, contaminafon of 'hestenle field SF or contamination ofthe patienfs body. 
In o, er oases, i, may be desirable to insert the non-s,en,e working apparatus 

deTc: 0 S ' e ? ^ M ^ int ° ^ — ^ 18 - ~ 
f th inserted into the body, and to subsequently insert the distal portion DP 

otheca,he.erbody12in.o,he pan entwh, te maintarnin g therea™ardend28of m e 

^^e fi e,dby,hep 0rt iono„henon-s,en,ewort<in S appa ra ,us15«,a, protrudes 

seab, t™"' ^ 28 °' bafrier 24 ' ™ e -en«on is 

useable in either of these ways. 
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One example of a clinical application of a catheter device 10 of this invention is to 
facilitate the repeated use of a working apparatus 15 that comprises a non-stenle 
intravascular ultrasound Imaging (IVUS) catheter for diagnostic or other coronar, 
imaging. In this application, an antimicrobial solution (e.g., Betadlne® brand 
5 povidonelodine.ThePerdueFrederi*Co.,100ConnecticutAvenue,Nomalk,CN) 

is applied tothepatientsskininthe area of thefemoral artery and steriledrapes are 
appiiedtosucharea. Using sterile technique, a sterile introducer sheath is .nserted 
percutaneouslyintothepatient'sfemoralarterybyastandardseldingerintroducuon 
technique. Thereafter.aguidewireandacoronaryar.eryguideca.heterare.nserted 
10 (hroughthein.roducersheathandadvanceduntilthedistalendoftheguideca.he.er 
isloca.edinfnepatienfsrigmorieftcorona.yostium.asdesired.andthegu.dew.re 

extends through the iumen o, the guide catheter and into the <MM ~ 
artery Thereafter, the proximal end of the guidewire is inserted ,nto the d,stel end 

„ thenadvancedovertheguidewireandthroughmecoronaryguidecatheterunt.Hh 
diste, end of the catheter device 10 is located in the desired coronary artery Th s 
resu,ts in the distal portion DP o.the catheter device 10 being located w rt h,n the 
patient's body while the proximal portion PP of the catheter device 10 rema,n 
outside of the patient's body. A sterile field SF is maintained around the prox.ma, 

2 „ p or«onPPofthecatheterdevice10and,hefemo ra ,enUysite. The,ubu,arsten,,ty 
barrier24of the catheter device 10 is then arranged such that ,ts rearward nd 28 
ls iocated outside of the sterile field SF. A non-sterile working apparatus M5 
comprteing a reusable Avascular unsound imaging (IVUS, cat eter o VUS 
wireisthen,ntroduced,b y anon-sterileo P erator,through« 1 erearwardend28o. f ne 

opelr then grasps the working apparatus 15 (e.g., the IVUS catheter or w,re> 
through the flexible, sterile sterility barrier 24 and advances the working apparatus 
15 (eg the IVUScatheter orwire) intothe sealed lumen 18 of the catheter dev,ce 
10 to a posttion where the uHrasound transducer of the IVUS catheter or wire ,s 
30 located within the pauenfs coronary artery to be imaged. Prior .o, during or after 
insertion of the IVUS ca.he.er into the sealed lumen 18, the sealed lumen 18 may 
be substantially filled with a ultrasound transmissible material, such as sahne 
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#0012*7 " r S ° Und COUP ' i " 9 ' 08 ° n ° r 961 Ultrasound Ge, 

#0012^ L , q uaSon,o UNrasound Scanning G e,*,01 2 78orL, q uaSo„io Unsound 
o on «,01 2 8, Chester Labs, inc., 1900 Section Rd., Su te A, Cincinnati, OH 
45237 tofacNitate transmission of ft. unsound energy from the IVUS catheter 
5 through the catheter body 12. The seated lumen may be evacuated by a targe 
synnge or vacuum pump prior to or during introduction ^ ^ 
transm^sibte materia. ,0 avoid the formation of bubbles or air inclusions The 
porton of the catheter body 12surrounding the ultrasound fransducer of the IVUS 
catheter or wire wil , be fomied of ^ ^ fe 

allow ,n,en-oga«ng unsound from the ultrasound transducer to pass outwardry 

Oirough ecatheterbodyizandtoallowreflectedultrasoundtothenpassinwardry 
trough he catheter body ,2 and be receded by the ultrasound transducer of the 
IVUS catheter located within the seaied iumen 18. in this manner, the desired 

IVUS catheter. After the desired ultrasound Image has been obtained, the IVUS 

oa^eerandmecatheterdevicelOareremovedfrom^ep^ntsbody.Thesten-is 
cathe er device 10 is no, reused and is disposed atthe end of the procedure. The 
non-stenelVUS catheter is, however, reuseabie and may subsequently be reused 
m i accordance w„h the foregoing methodology. ,„ , his manner, the expense of 
obtammg a new IVUS catheter for each procedure is avoided. 

B. Tissue Penetrating Catheter Devices 

R 9 ures2 -3"howexamplesoftissuepenet ra tingcatheterdevice s 10a10b 
of the present invention. 

One tissue penetrating catheter device 10a of the present invention is shown in 
Frgure 2. This tissue penetrating catheter device 10a incorporates the elements of 
he basic catheter device 10 described hereabove, Including an eiongate catheter 

6ae* TTT d, ° ande,t,endingd,Stellyfro —' i P-14a,a t hrou g h lumen 
16a extending ,o„g,,udina,,y through »e catheter device 10a from its proximal end 
PE through the distal end DE .such through lumen 16a being useable for 
advancement ofthe catheter device 10a over a previously inserted guidewire for 
injecton or infusion of fluids (e.g., medicaments, radiographic contrast agents 
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saline solution, etc.) or for other purposes. Also, as in the basic oatheter 10, a 
sealed lumen 18a extends longitudinally from the proximal end PE of the catheter 
device 10. and terminates dista.ly in a closed end 20a located within the elongate 
catheterbody12a. In embodiments where the sealed lumen 18a is used to rece,ve 

5 a working apparatus 15a that comprtees an ultrasound imaging device, a quart* 
of liquid (e.g., saline solution), coupling gel, or other ultrasound transmission 
medium may be placed in the sealed lumen 18a concurrently w«h or prior to the 
advancement of the working apparatus 15a comprising an ultrasound imag.ng 
apparatus thereinto to thereby eliminate gas Med voids that may interfere w,th 

10 passage of the ultrasound and to faciiitate ultrasound imaging of anatom,ca, 
structures located adjacenttothedista, portion DP ofthe catheter bodyle .Also. 

in embodiments where the working apparatus 15a inserted into the sealed lumen 
^Isusedforimaging.atleasttheporUonof.hecameterbodylZa.hroughwh.c 

an image is to be obtained will beformed of material that may be permeated by *e 

apparatus 15a to accomplish the desired imaging. A proxunal connector 22 s 
mounted on the hand piece 14a and the sealed .umen 18a o, the dev,ce 10a 
continues proximal* through the connector 22a to facilitate ,nset,on and 
advancement of an elongate apparatus (e.g., another catheter, a probe a w re a 
20 cable, a sensor, an imaging apparatus, an emitting apparatus, etc) through he 
connector 22a and into the sealed iumen 18a within the catheter body 12a. A so, 
as in the basic catheter device 10, this tissue penetrans catheter dev,ce 10a has 
an elongate, tubular sterimy barrier 24, *e forward end 26 of which is attached to 
Lprox i ma,connector22such.ha,thesealedlumen18a leads ,„,o«he,ntenorof 

25 the tubular sterility barrier 24. „, =monfo that 

This tissue penetrating catheter device 10a also incorporates elements that 
are no. included in the basic catheter device 10 described above. For example a 
penetrator lumen 30 is formed in and extends general* lonaKudinaily t rough the 
catheter body 12a. through the hand piece 14a and through a penetrator n 32 

30 m^onlh.h^ptol^TH-P^"^"^^^ 

penetra.orou fl e.ape rt ure34andapene«rator36havingashar P d,sta, fc p^b* 

disposed within fne penetrator lumen 30. The penetrator 36 is connected to a 
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penetrator advancement/retraction knob 38 formed on me hand piece 14a. When 
ttepene, ra «oradvanc«^ 

1?„T ' ^"^^""-"^"""'nthepene^orlumenao 

? ' SWp0rt0n0,,he ~™ il '^nceou,o fte pene t ra,orou ti e 
port 34 and laterally from the ca.he.er body 12a as shown in dotted lined in Figure 

L! 7Kr: r,,h9p ~ r34maybeusedtopene,rate °^^™ 9 h 

.hwa, l( rfab,oodvess el o r o«her a na«ornica,s.ruc«ureinwhich,hedis« a ,po rti onDP 
of the ca.he.er body 12a is positioned and ,o another biood vessel or other targe, 
location w,,hin the patienfs body. A lumen extends iongitudinaily through the 

lit r36 r toa9uidewire<no,shown,maybein ^*^p~ 

por.32,«, r ou g h« 1 e,umenof t hepene ta ,or36andou,of tedi s te ,end.Tofaci,i te ,e 
proper positioning ofthe catheter body 12 a and precise aiming of the penetrans 
before its advancement, a wortdng apparatus 15a tha, comprises an imaging 
apparatus (such as in IVUS catheter) may be advanced into the sealed lumen 1 8a 
andusedtcmagethe blood vessel or other anatomical structure in which the distal 
portion DP of the catheter body 12a is posted, the other blood vessel or othe 

ar^e location to which rhepenetratorae is intended to pass and/or portions of the 
« he,erdev,ce10a itself. Furtherdetailsaboutthe construction, operafion, aiming 
and deployment of the penetrator 36, as we,, as detailed descriptions of din J 
procedures that my be performed with ,h,s tissue penetrating catheter device 10a 
are found in United states Patent 5,830,222 and in United States Patent 
Applies 08/730,496, 09/048,147 and 09/048,147, the entire disclosures of 
which are hereby expressly incorporated herein by reference 

Generally speaking, in routine operation, a distal portion DP of the catheter 
body 12a may be inserted into the patienfs body by the same technique described 

her^bovewithrespec.to.hebasiccatheterlO.suchmataproximalport.onPPof 
the device 10a remains outside the patienfs body and a sterile field SF ,s 
established around the proximal portion PP of the device 10a, as denoted by dotted 

s.en,e field SF with its re arara rd end 28 located oulside of the sterile field SF After 
the dista, portion DP of the catheter body 12a has been inserted into the patienfs • 
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body and the sterile field SF surrounding the proximal portion PP. of the catheter 
device 10a has been established, a ncn-sterile working apparatus 15a such as an 
intravascular ultrasound imaging (1VUS) catheter may be introduced into the 
rearward end 28 of the sterility barrier24then advanced through the tubular stenlrty 
5 barrier 24 and into the portion of the sealed lumen 18a located Wrthin the d,stal 
portion DP of the catheter body 12a, without potential contamination of the stenle 
field SF or contamination of the patient's body. The non-sterile working apparatus 
15a may then be used to perform its desired function and may be removed, re- 
inserted replaced, rotated or repositioned at will without disturbing the placement 
10 and positioning of the tissue penetrating catheter device 10a. In applications where 
the non-sterile working apparatus 15a comprises an imaging device such as an 
intravascular ultrasound imaging (IVUS) catheter, it may be used to image the 
anatomysurroundingornearthedistalportionDPofthecatheterdevicelOaandtor 

portions of the catheter device 1 0a itself, to aim the penetrator 36 at the des.red 
15 te rgetbeforethepen e tra.orisadvanc e dfromthecatheterbc<ly12a.lnthisregard 
it is desirable for the operatorto have some indication of the trajectory or path that 
„,„ be followed by the penetrator 36 when the penetrator 36 is subsequently 
advanced from the catheter body 12a. In the embodiment shown in Figure 2, th.s 
indication of the trajectory or path that will be followed by the penetrator 36 may be 
obtained by anchoring or mechanically keying the working apparatus 15a such that 
•„ is held in a known rotational orientation within the sealed lumen 18a such that a 
particular location on the image generated by the working apparatus 15a w,« 
correspond to the location to which the distal tip of the penetrator 36 will extend 
when the penetrator 36 is advanced. For example, a 360 degree phased array 
25 uftrasound transducer may be incorporated into the working apparatus 15a and 
used to produce the image and the working apparatus 15a may be anchored ,n a 
fixed rotational position within the sealed lumen 18a such that a particular element 
on the phased array transducer is associated with the radial location of the 
penetrator outlet aperture 34 or the radial location at which the penetrator tip «■ 
30 arrfce when it is fully advanced. This key element of the phased array transducer 
may be in a known location on the image monitor or a discrete marking, such as a 
line may appear on the image monitor to indicate the radial position of that 
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androW,ona, ly one„»fteca t ha l erdevice 1 OawKhin,hopafen rs bodysuoh tt ,a, t ha 
key element ofthe unsound transducer is radially aligned with the targetiocatjon 
owh,ch the penetrate 36 is desired to penetrate. This radial alignment of the key 
transducer element w«h the target tocation ensures that when the penetrator 36 is 

subsequently advanced from the catheter body 12a, it wil, enter, he target locauon 
^usan ertheratheterdevice10ahasbeenp|aced . nsuchposWonaiidfoMona . 

onentaton w,.hin me pauenfs body and me operator has verified mat the key 
transducer element is radia.ly aligned with the target location, the operator may 
advance the penetrator advancement/retraction knob 38 in the distal direction until 
.« reaches the penetrator stop member 40. thereby causing the penetrator 36 to 
become fuiry advanced from the catheter body 12a, through the wal, of the blood 
vessel or other anatomical structure in which the catheter body 12a is positioned 

andtothetargetiocaBonwiminftepaUenfsbody.Thereater.aguidewiremaybe 
advanced through the penetrator port 32, through the iumen of the penetrator 36 
and ,nto the targe, location. Therafter, the operator may move the penetrator 
advancement/retraction knobSSproximallyto its origina, position, thereby retracing 
the pen^ator 36 into the catheter body 12a while a,,owing the guidewire that was 
inserted through the lumen of the penetrator 36 to remain extended into the targe. 

As shown in Figures 3 and 3a, as an alternative to rotational locking (e g 
mechamca, keying) or anchoring of the working apparatus 15a within me sealed 
lumen 18a, an orientation element 40, such as an imageabie marker, may be 
associated with the catheter device 10b to faaltate ,he aiming of ,he penetrator 36 
toward the targe, location. In this regard, Figures 3 and 3a show an embodiment 
ofaussue penetrating ca,he.er10b that has a„ of the same elements the tissue 
penetrans, catheter device of Figure 2 but addWonaliy an orientation element 40 
formed on the catheter device 10b. The various types, structures and modes of 
operataofthe ori e„ ta8on element are described in detai. in United States Patent 
No. 6,830,222 and in United States Paten. Applications 08/730,496, 09/048 147 
and09/048,147,suchdisc,osuresbeingexpresslyincorpora«edhereinbyrefere'nce 
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The orientation element 40 maybeamarkerthatisimageablebythe working 
apparatus15a and may be formed integrally with or mounted on thedistal end ofthe 
catheter body 1 2b, as shown in Figures 3 and 3a. 

5 C. Treatment Catheter Devices 

The present invention includes various treatment catheter devices 10c 
capable of delivering a flow of energy, radiation, infusion of a drug or other 
therapeutic substance or other treatment toasite located within the patient's body. 
An example of one such treatment catheter device is shown in Figure 4. Th.s 
10 treatment catheter device 10c incorporates all ofthe same elements as the bas.c 
catheter device 10 described above, including an elongate catheter body 12c, a 
hand piece 14c, a through-lumen 16c that extends longitudinally from the prox.ma. 
end of the hand piece 14c to the distal end DE of the catheter body 12c and a 
sealed ,umen 18c that extends from a connector 22 mounted on the hand P iece14c, 
1 5 through the hand piece 14c and longitudinally through the catheter body 12c to a 

closed distal end 20c. 

A treatment element 50 is located on the distal portion DP of the catheter 
body^cthatbecomesinsertedintothepatienfsbody.ThistreatmentelementSO 

may comprise an electrode, radiation emitter, lamp, lens through which light may 
20 pass, P orousballoon,infusionpo rt oranyapparatusoro P eningcapab.eofdirect,ng 
ortransferring aflow of energy (e.g., electrical current, ionizing radiation, ultrav,olet 
iight, white light, e,c),aflow of liquid, or other treatment modality through the ,«* 
of the catheter body 12c to a target location on or adjacent to the wall ofthe blood 
vessel or other anatomical conduit in which the distal portion DP of the catheter 
25 body 12c is positioned. Wre(s), optical f,ber(s),cable<s) or other connects) may 
extend through a lumen 52 that runs through catheter device 10c from a treatment 
connector 54 formed on the hand piece 14c to the treatment element 50. 

In routine operation, the distal portion DP of the treatment catheter devrce 
10c is positioned within the body ofthe patient andasterile field SF is established 
30 around the proximal portion PP ofthe catheter device 10c and the entry sHe where 
the catheter body 12c enters the body of the patient, in accordance w,th the 
procedure described hereabove. Also as described hereabove, the sterilfty barrier 
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2 . arranged such that te rea^ard end 28 Is postooned outside of the sterile Md 
SF. One or more non-sterile, elongate working apparatus 15c-1, 15c-2 is/are 
.nsertable into the rearward end 28 of sterility barrier24, and advanceable through 
theproximal oonneotor22andintothe sealed lumen 18o within the distal portion DP 
of the catheter body 12c. Thereafter, each .such non-sterile, elongate woridng 
apparatus 15o1, 15c-2 is used to perform some desired function associated with 
delivery of the treatment via the treatment element 50. For example, the working 
apparatus may comprise an imaging device, such as an intravascular ultrasound 
imaging (IVUS) catheter, and such imaging device may be utilized from a location 
wrth.n the sealed lumen 18c to image the adjacent anatomy of the patient and to 
gu,de the positioning and rotational orientation of the catheter to ensure that the 
treatment element 50 is properly positioned to deliver the desired treatment to the 
des,red tissues or anatomical structures. Optionally, this treatment catheter device 
10c may also incorporate an orientation elements of the type shown in Figures 3 
and 3a and described hereabove, to facilitate rotational orientation of the catheter 
body 12c within the blood vessel or other anatomical structure such that the 
treatment element 50 is properly positioned to deliver its treatment to the desired 
blood vessel wall, tissue, tumor or other anatomical structure. Irrespective of 
whether an orientation element 40 is included, after the imaging device has been 
ut,l,zed to guide and/or verify the proper positioning of the treatment element 50 a 
treatment delivering apparatus (not shown)such as an electrical signal generator 
ultraviolet light source, white light source, or other suitab.e apparatus may be 
connected to the treatment connector 54 and used to deliver the desired form of 
energy (e.g. electrical current, ultraviolet light, white light, heat, cold, etc ) through 
the treatment lumen 52 to the treatment element 50. The treatment element 50 
then disseminates or delivers the desired treatment to the desired Issue or 
anatomical structure. 

One specific example of a clinical application of the treatment catheter 10c 
-s for the delivery of light energy (e.g., UV light, laser light) to a specific area (e g 
w,th,n a tumor, upon the luminal surface of a blood vessel, etc) for the purpose of 
causmg photo-activation of a drug or chemical agent (e.g., a chromophore) or to 
effect photodynamic therapy (PDT). In PDT a photosensitizing agent is 
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administered, usually intravenously, to the patient and, after the photosensitizing 
agent has been taken up by cancer cells, a laser light of a specific wavelength is 
shone on the area of the cancer cells to produce a photochemical react™ that 
destroys the cancer cells. One such photosensitizing agent is known as Photofnn 
5 || madditionto Photofnn II, a number of new synthetic photosensitizing agentsare 
under development. Due to improved penetration and/or decreased side effects 
(such as untoward skin sensitivity to sunlight), dosing with these newer synthetic 
agents may be repeated more frequently than the single shot therapy currently 
offered with Photofnn. PDT may be useable for the treatment of mesothel,oma, 
10 locally advanced lung cancer with a malignant pleural effusion, recurrent pleural 
effusions from a variety of cancers, and cancers that have seeded the abdommal 
cavity, including carcinomas, sarcomas and ovarian cancers. At present, ,t is 
typically necessary for the laser light to be applied to the area of tte cancer ofc 
through an open surgica, incision. However, the treatment catheter device 10c 
16 could be used to effect less invasrve administration of the laser light to the affected 
area by advancing the catheter body 12c through blood vessels, the Gl tract, the 
genitourinary tract, the respiratory tract (e.g., the catheter body could be a 
bronchoscope),orintoabodyoavHythroughalaparoscopyorthoracoscop,cportel, 

etc. to position the treatment apparatus 50 (e.g., a window or lens for outlet of the 
20 laser light) adjacent the cancerous area. 

By way of example only, in a treatment catheter device 10c adapted for use 
in PDT for treatment of ovarian cancer, the treatment element 50 will comprise a 
lens or window through which laser light of the desired wavelength may be passed 
andaflberopticfortransmissioncfsuchlaserlightwillextendthroughthetreatmen 

25 lumen 52 for transmission of the laser light to the lens or window. Also, two (2 
separate working apparatus 18c1 and 15c-2-beused during 
the procedure. The first working apparatus 1Sc1 comprises a curved stylet that 
causes shaping of the dista, portion of the catheter body 12c to facilitate ,ts 
advancement through the tortuous genrtourinary tract and into the affected ovary 
30 Thesecondworkingapparatus15c-2comprisesanultrasoundimagingoatheterthat 

is useable to image the area around the distal portion of the catheter bc4y 12c to 
guide and verify proper placement of the treatment apparatus 50 prior to delivery of 
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*a laser light and/or to guide movement of the treatment apparatus 50 during 

^^^^^^^^ 

cancer cells are present. 

5 pred^t 36 "^'" 8 " * ^ »»* * 

T ,7 ned ' me(e ' 9 ' 5d ^)Pnor,o»he,aser P rocedura The patienr s peL 

Te T: P T redand ~* Stertte ^.^ W ish,n g as,e ri ,eJ dS P 

11 t ' S P ° mme6 Wi ' hin "» Stertle SF «• -teriitty 

10 SF ^ working apparatus 15c1 is a resilient styletthat is preformed to 

10 «^ nsita ,,^ t This fi rs,workingappara,us15ci 
■n reduced through the rearward end 28 of fte s,e«y barrier 24 and is advanced 
mto the sealed teniae until its distal end reaches me closed distal end 20c of the 
disto r ;r n,hiSmanner ' ,hei ~°«*-^^,wi,i cause me 
^ l P^n<>''heca,he,erbodv 1 2c,oassumeacurvedshape m a,corr es ponds 
15 o «,e shape of the style,. This curved shape has been predetermined to be a 
shape ta, w,,, faciiKate entry and advancement of the catheter body dfeta, portion 
DP into the desired fallopian tube adjacent to the desired ovary. Accordingly, with 
.he curved style, so inserted, the distal portion DP o, the catheter body wli, be 
inserted transvaginal* through the uterus and intothe desired fallopian tube After 
the distal portion DP of the catheter body 1 2c has entered the desired fallopian tube 
the firs, working apparatus 15c-1 will be retracted and removed. The second 
worfcng apparatus , 5c -2 comprising an ultrasound imaging device is then 

.rcduced*rou g h.herearwardend28o,,hes,eri,i,ybamer24,is fl rasped through 
h e s,^barrier24by,heopera,o,shand and is advanced into me seaied lumen 
18c. This ultrasound imaging device is actuated and used to obtain a 360 degree 

uftBsoundimageonascreenormonitorthatisvisibletomeoperator.Theoperator 
then uses this image to guide. he longifcdinal positioning and rotataal orientation 
of the distal portion DP of the catheter body 12c such that the treatment element 50 
• Positioned immediately adjacent to the ovarian tumor. A laser generating 
instrument is then connected to connector 54 and is utilized to pass laser light of the 

des,redwaveleng«hthroughtheopUcal fi berdisposedwithin m etreatmentlum e n52 
and outwardly through the window or lens comprising the treatment element 50 
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Such laser energy then enters the ovarian tumor and destroys cancer cells that 
contain the photosensitizing agent while causing minimal damage to noncancerous 
cells that contain less concentration or no concentration of the photosensitizing 

agent. . 

Another example of a possible application of the treatment catheter dev,ce 
10cisforthe delivery of radiation to the wall of a blood vessel or other treatment site 
thatisdesiredtobeirradiated.. In this application, the first working apparatus 15c-1 
comprises an intravascular ultrasound imaging (IVUS) catheter that would not 
necessarily haveacurved configuration as shown in the first working apparatus 15c- 
j 1 described above and shown in Figure 4. The second working apparatus 15c-2 
comprises a radiation emission source for delivery to the treatment element 50 of 
the desired form of ionizing radiation that is to be delivered to the blood vessel wall 
orotherlocation. in this example, the treatment element 50 is a radiation outlet port 
or window through which ultrasound from the first working apparatus 15c-1 and 
5 radiation from the second working apparatus 1 5c-2 may selectively pass, while the 
remaining portions of the catheter body 12c remain shielded so as to prevent the 
transmission of the ultrasound or radiation therethrough. A sterile field SF » 
established and the distal portion DP of the catheter body 12c is inserted mto a 
blood vessel of the patient in the manner described hereabove. Prior to or after 
to insertionofthedistalpor^ 

first working apparatus 15c-1 comprising the IVUS device is inserted through the 
rearward end 28 of sterility barrier 24 and is grasped by the operator's hand through 
the sterility barrier 24 and advanced into the sealed lumen 1 8c to a position where 
the transducer of the IVUS device obtains an image through the window of the 
25 treatment element 50. The image obtained through the IVUS device is then used 
toguidethelongrtudinalpositioningand rotational orientation ofthe distal porfon DP 
of the catheter body 12c such that the treatment element 50 becomes positioned 
immediately adjacent the portion of the blood vessel wall or other anatom.oa. 
structure to be irradiated. After the proper positioning of the treatment element 50 
30 hasbeenverified,theoperatoronceagaingras P sthefirstworkingapparatus15c-1 

through the sterility barrier 24 and retracts the first working apparatus 1 5c-1 m the 
proximal direction causing that working apparatus 15c-1 to be removed from the 
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r s trT te r° uto,therea,wardend28o,theste ^ ba ™^^-afte r 

11 9 ^ 15C - 2 C ° mPriSinS "» «*» (e.g., radiatio ' 

emrtter, ,s passed through ,he dista, end 28 of the s,e«y hal 24 and i 

2esea,ed l u me „. m en 5 opo S « i on e d> era di*ns 0 urcewi,,cause ra d iat ,o„ 
to pass — y «h,ou a h t he treatm e„ t e,e m e„, 5 o. The Nation source wil, 
m nto.ned ,„ such position for a peHod of time sufficient ,o deliver the desir* 

D. Catheter Device for Delivery of Radially 

Raure ^TS?' 9 ^J" 3 ' Connecto « and Stented Grafts 

Rgure 5 sh0W5 a de „ very ratheter devjoe for ^ 

conneCo ra , st e„,edg ra fts,ana S ,omo 8 co,i P s,o m erc,i P s,oonneotors(e. g theciips 

W099,25273,or other radially expandable implantabie apparatus within the body 
Th,s dehvery catheter device 10d incorporates a,, of the elements of the above! 
descnedbas l ccat J ,e,erdevice10,ino,udin g ane,ongateca Ul e,erbody12d,ahand 
oTthl h 3 ,hr ° U9WUmen 1M «" 4 «■"* from the proximal end 

of the hand P-ece 14d to the dista, end DE of the catheter body 1 2d and a sealed 
rnen 18d that extends from a connector 22 mounted on the hand piece 1« 
through the hand piece 14d and longitudinally through the catheter body 12d to a 
closed distal end to 20d. 

A radially expandable balloon (not shown) is mounted on the catheter body 
1 2d at a location on its distal portion DP that becomes inserted into the body of the 
patent The balloon inflation lumen 62 extends through the catheter device 10d 
from an inflation port located on the proximal connector 14d to an opening into the 
mtenor of the bailoon. A pump 64 is attached to the balloon inflation port to pump 
pressured inflation fluid through the balloon inflate lumen 62 into the balloon 
thereby causing radial expansion of the baHoon. A plasflcly deformab.e stent 
stented graft, connector or other radially expandable implantable apparatus is 
mounted on the deflated balloon such that when the balloon is inflated, the stent 
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stented graft, connector or other radially expandable implantable apparatus will be 
caused to radially expand and to plastically deform to its radially expanded 
configuration. 

As discussed above, it may be desirable to carry out intraluminal ultrasound 
5 imaging of the blood vessel or other anatomical structure in which the distal portion 
of the catheter body 12d is positioned prior to, during or after radial expansion and 
implantation of the stent, stented graft, connector or other radially expandable 
implantable apparatus. Thus, a working apparatus 15d comprising an intravascular 
ultrasound imaging (IVUS) catheter may be inserted into the sterility barrier 24 and 
10 advanced into the sealed lumen 18d to accomplish ultrasound imaging. As 
described hereabove, the rearward end 28 of the sterility barrier 24 will be 
positioned outside of the sterile field SF and the IVUS catheter inserted through the 
sterility barrier may be non-sterile. Inthis manner, the IVUS catheter may be reused 
on a number of patients without requiring sterilization between patients. 
15 itwillbefurtherappreciatedthatmorethanonenon-sterileworkingapparatus 

15d may be alternately inserted into the sealed lumen 16d. For example, in 
procedures where a stent is implanted in a blood vessel to treat an atherosclerot.c 
occlusion of the blood vessel, it may be desirable to administer a dose of .omz.ng 
radiation to the wall of the blood vessel in the area where the stent has been 
20 implanted to deter or prevent subsequent reocclusion of the blood vessel. In th.s 
regard, after the IVUS catheter has been removed from the sealed lumen 1 8d and 
from the interior of the sterility barrier 24, a second working apparatus comprising 
an elongate member having a source of ionizing radiation mounted thereon or 
therein may be advanced into the rearward end 28 of the sterility barrier 24, through 
25 the interior of the sterility barrier 24 and into the sealed lumen 18d to a posit.on 
where the source of ionizing radiation is located adjacentto the region of the blood 
vessel within which the stent has been implanted. The source of ionizing radiation 
will then be allowed to remain in that position for a period of time that has been 
calculated to deliver the desired dose of ionizing radiation to the blood vessel wall. 
30 Thereafter, the second working apparatus 15d comprising the source of ionizing 
radiation may be withdrawn and removed. Because the sterility barrier 24 and 
sealed lumen 18d prevent microbial contamination of thesterile field SF and/orthe 
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patient, it is possible to reuse the second working apparatus15d without requiring 
that it be sterilized. The ability to reuse the radiation source is advantageous in view 
of the expense associated with the purchase of radioactive materials and the 
difficulty associated with their disposal. Furthermore, the ability to reuse the 
< radiation source without sterilization is advantageous in view the fact that handling 
and sterilization of a radioactive source can be complicated due to the need for 
maintaining shielding of the radioactive source during the sterilization procedure. 

It will be appreciated by those skilled in the art that not all stents, stented 
grafts, connectors, clips, anastomotic clips and other radially expandable 
implantable apparatus are plastically deformable and capable of being radially 
expanded by a balloon in the manner described above. Indeed, various self- 
expanding stents, stented grafts, connectors and other radially expandable 
implantable apparatus are well-known. Self expanding apparatus of this type are 
typically formed of resilient material and are biased to their radially expanded 
configurations. Such self expanding apparatus are typically mounted on a delivery 
catheter, compressed to a radially collapsed configuration and maintained in such 
radially collapsed configuration by way of a sheath or other constraining member. 
When it is desired to release the apparatus for radial self-expansion and 
implantation, the sheath or constraining member is retracted thereby allowing the 
apparatus to radially expand and become implanted. The catheter device 10d 
described above may be modified for delivery and deployment of such self 
expanding apparatus by eliminating the balloon, balloon inflation lumen 62 and 
pump 64 and replacing such elements with a sheath or retainer that will constrain 
or hold the self-expanding apparatus in a radially collapsed position on the catheter 
body 12d and a mechanism for retracting or moving the sheath or retainer so as to 
release the self expanding apparatus, when desired. 

E. Balloon Angioplasty Catheter Device 

Figure 6 shows an example of a balloon angioplasty catheter device 10e of 
the present invention. This balloon angioplasty catheter device 10e incorporates all 
of the same elements as the basic catheter device 1 0 described above, including 
an elongate catheter body 12e., a hand piece 14e, a through-lumen 16e that 
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extends longitudinally from the proximal end of the hand piece 14e to the distal end 
DE of the catheterbody12eandasealedlumen18e that extends from a connector 
22 mounted on the hand piece 14e, through the hand piece 14e and longitudinally 
through the catheter body 12e to a closed distal end 20e. 
5 Additionally, a radially expandable angioplasty balloon 70 is mounted on the 

distal portion DP of the catheter body 12e. The balloon inflation lumen 72 extends 
from a balloon inflation connector 74 located on the hand piece 14e, through the 
hand piece 14e, through the catheter body 12e and into the interior inflation space 
of the balloon 70. 

10 In routine operation, the distal portion DP of the balloon angioplasty catheter 

device 10e is positioned within the body of the patient and a sterile field SF is 
established around the proximal portion PP of the catheter device 1 0e and the entry 
site where the catheter body 1 2e enters the body of the patient, in accordance wrth 
the procedure described hereabove. Also as described hereabove, the stenhty 
15 barrier 24 is arranged such that its rearward end 28 is positioned outside of the 
sterile field SF. Thereafter, a working apparatus 15e useable to perform some 
desired function associated with the delivery of the balloon angioplasty treatment is 
insertedthroughthe sterility barrier28 and into the sealed lumen 1 8e. Forexample, 
the working apparatus 15e may comprise an imaging device, such as an 
20 intravascular ultrasound imaging (IVUS) catheter, and such imaging device may be 
utilized from a location within the sealed lumen 18e to image the adjacent anatomy 
of the patient and to guide the positioning of the balloon 70 prior to, during or after 
its inflation. In this manner the IVUS may be used to ensure that the balloon 70 .s 
properly positioned to treat the atherosclerotic obstruction of theblood vessel, orto 
25 observe the inflation of the balloon to ensure that it is not over-inflated or under- 
inflated, or to verify that the desired lumen size of the vessel has been created by 
the angioplasty procedure, or for other reasons. 

After the imaging device has been utilized to guide and/or verify the proper 
positioning of the balloon 70, the working apparatus 15e may be removed from the 
30 device 10e. Alternatively or additionally, a working apparatus 15e compns.ng a 
source of ionizing radiation may be inserted through the sterility barrier and mto the 
sealed lumen 12e to deliver a radiation treatment to the wall of the blood vessel 
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treated by the balloon angioplasty, in the same manner described here above in 
reference to stent placement. 

F. Atherectomy Catheter Device 

Figures 7 and 7a show one example of an atherectomy catheter device 1 0f 
of the present invention wherein the non-sterile working apparatus 5f-1 and/or 1f-2 
may comprise a rotating drive shaft that is used to drive an atherectomy cutter 70 
and/or an .maging apparatus such as an intravascular utrasound (IVUS) catheter or 
w,re useable to image the surrounding blood vesel wall and adjacent anatomy As 
shown, this atherectomy catheter device 10f shares a number of common elements 
w,th the above-described basic catheter device 1 0 including an elongate catheter 
body 12f, a handpiece Hf, a through-lumen 16fthat extends longitudinally from the 
proximal end of the hand piece 14f to the distal end DE of the catheter body 12f and 
a sea.ed lumen 18f that extends from a connector 22 mounted on the hand piece 
14f, through the hand piece 14f and longitudinally through the catheter body 12f to 
a closed distal end 20f. 

A thrust bearing 72 is mounted within the catheter body 12f at the closed distal end 
20f of the sealed lumen 18f and a concave, rotatable idler member 74 is rotatably 
connected to the thrust bearing 72 and mounted within the distal end 20f of the 
sealed lumen 1 8f. A central gear 76 having a hollow axle 78 is positioned within a 

sealed cavity 80 that is located immediately adjacent to,and opens into, the sealed 
lumen 18f. The opposite ends of the hollow axle 78 of the central gear 76 are 
inserted into hollow bearings 82a and 82b mounted proximal and distal to the central 
reg.on of the sealed cavity 80, as shown. Another gear 84 has at axle 86 that 
extends through bearing 88 and is rigidly connected to the atheterectomy cutter 70 
so as to rotatably drive the atherectomy cutter 70. As described more fully 
herebelow, one of the non-sterile working apparatus 15f-2 comprises an elongate 
flex.bledr.ve shaft having a gear 90 mounted coaxially thereon ata location near its 
distal end 92. The distal tip 92 of the drive shaft is tapered and configured to seat 
within and engage the concave, rotatable idler member 74 such that rotation of the 
dive shaft will cause concurrent rotation of the idler 74 within its bearing 72 The 
provision of the idler 74 and thrust bearing 72 will allow high speed rotation of the 
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drive shaft with minimal friction. In some embodiments the idler 74 and bearing 72 
may be unnecessary. 

In typical operation, the atherectomy catheter device 10f is inserted into the 
patient's body, using the above-described sterile insertion technique, such that a 
distal portion DP of the catheter body 12f is within patient's body and a proximal 
portion PP remains located outside the patient's body. A sterile field SF is thus 
established and maintained around the proximal portion PP of the device 10f and 
around the site at which the device 10f enters the patient's body. The tubular 
sterility barrier 24 is arranged such that its rearward end 28 is located outside of the 
) sterile field SF. An ultrasound coupling lotion or gel is placed in the sealed lumen, 
free of bubbles or air inclusions, as described above. Thereafter, prior to or after 
insertion of the catheter device 1 0f into the body, afirst non-sterile, elongate working 
apparatus 15f-1 comprising an intravascular ultrasound imaging apparatus (IVUS) 
• is inserted into the rearward end 28 of the sterility barrier 24, and is advanced 
5 through the proximal connector 22 and into the sealed lumen 1 8f within the distal 
portion DP of the catheter body 12f. Thereafter, the atherectomy catheter dev.ce 
10f is advanced through the patient's vasculature and the first non-sterile, elongate 
working apparatus 15M is used to guide the longitudinal placement and rotational 
orientation of the atherectomy cutter 70 at the site of the obstructive matter to be 
>0 removed. After the atherectomy catheter device 10f has been so positioned, the 
firstnon-sterile working apparatus 15f-1 comprising the IVUSdevice is removed and 
a second non-sterile working apparatus 15f-2 comprising a rotatable drive shaft » 
inserted through the rearward end 28 of the sterility barrier, advanced through the 
sterility barrier, through the proximal connector 22 and through the sealed lumen 18f 
25 until its tapered distal end 92 becomes seated within and engaged with the concave 
idler member 74. A motor 94 is connected to the drive shaft and is used to rotatably 
drive the shaft causing concomitant rotation of the idler 74 and the gear 90 that is 
co-axially mounted on the drive shaft. The drive shaft gear 90 is enmeshed with the 
central gear 76 and causes concomitant rotation of the central gear 76. The central 
30 gear 76 is enmeshed with the other gear 84, thereby causing concomitant rotation 
of the other gear 84, and its axle 86 and the attached atherectomy cutter 70. The 
operator then advances, retracts and/or rotates the catheter body 12f within the 
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blood vessel, as necessa*. ,o effect severance of the occlusive matter. In the 
part,cular embodiment shown, the atherectomy cutter 70 reduces the severed 
matterto particles that are small enough to be released into the bloodstream without 
de eterious consequence. Aiternativelv, however, the atherectomy catheter device 
10f may additional^ incorporate an aspiration lumen through which sevemd 
parucles of atherosclerotic plaque or other matter may be aspirated in the proximal 
d,rect,on through the catheter body 12f. Or, the atherectomy catheter device 10f 
may .ncorporate or be used in conjunction with a distal protection apparatus such 
as those described in United States Patent No. 4,794,928 (Kletschka) or 4 873 978 
(G,nsburg) to catch and contain any severed particles that are released into the 
patient's bloodstream. 

Although the device 10f described above utilizes two (2) working apparatus 
namely a first working apparatus comprising 15M comprising an IVUS and a 
second workinga P paratus15f-2comprismgadrive shaft, it may be desirable for the 
dnve shaft to be permanently disposed within the device such that the IVUS may 
remain disposed within the sealed lumen 18f during the operation of the 
atherectomy cutter 70 such that the IVUS may be used to visualize and guide the 
movement of the atherectomy cutter 70 and to guard against erroneous perforation 
of the blood vessel wall or other undesirable consequences during the actual 
sevenng of the occlusive matter by the atherectomy cutter. 

Also, although this embodiment of the device 10f incorporates an 
atherectomy cutter 70 of the side-cutting type, it will be appreciated that an end- 
cutbng atherectomy cutter located at the distal end of the catheter body 12f may 
alternatively be used. One such end-cutting atherectomy cutter is described in 
United States Patent No. 5,432,799 (Shiu), the entire disclosure of which is 
expressly incorporated herein by reference. 

G. Guide Catheter Device With Vessel Occluder or Other Catheter- 
Deployable Intraluminal Implant 

Figures 9-9b show a guide catheter device 10g (Figure 9) of the present 

.nventionalongwithave SS eloccluder110(Figure9b)andapusher112(Figure9a) 
that are usable in conjunction with the guide catheter device 10g. 
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This guide catheter device 10g incorporates ail of the elements of the basic 
catheter device 10 shown in Figure 1 and described above, including an elongate 
catheter body 12g, a hand piece 14g, a through-lumen 16g that extends 
longitudinally from the proximal end of the hand piece 14g to the distal end DE of 
the catheter body 12g and a sealed lumen 18g that extends from a connector 22 
mounted on the hand piece 14g, through the hand piece 14g and longitudinally 
through the catheter body 12g to a closed distal end 20g. Also, as in each of the 
above-described embodiments, the forward end 26 of the tubular sterility barrier 24 
is attached to the proximal connector 22 such that the sealed lumen 18 leads into 
the interior of the tubular sterility barrier 24. 

In routine operation, a distal portion DP of the catheter body 12g is inserted 
into the patient's body while a proximal portion PP of the device 10g remains 
exteriorized. A sterile field SF is maintained around the proximal portion PP of the 
catheter device 1 0g, as denoted by dotted lines on Figure 9. The sterility barrier 24 
extends through the sterile field SF such that the rearward end 28 of the sterility 
barrier 24 is located outside of the sterile field SF. As described in detail elsewhere 
in this patent application, the attachment between the forward end 26 of the sterility 
barrier 24 and proximal connector 22 is sufficiently sealed to prevent any m.crobes 
introduced within the interior of the sterility barrier 24 and/or within the interior of the 
sealed lumen 18 from escaping into the sterile field SF. Also, no openings are 
formed between the sealed lumen 1 8g and the outer surface of the distal portion DP 
of the catheter body 12g such that, when the distal portion DP is inserted into a 
patients body, any microbes that the become introduced into the sealed lumen 18g 
will be contained within the catheter body 12g and will not escape into the patient's 
> body. 

The preferred construction of this guide catheter 10g has been described on 
pages 33-34 and in Figures 4-6 of PCT International Publication No. W099/49793, 
theentiretyofwhichisexpresslyincorporatedhereinbyreference. In particular, this 
guide catheter 10g incorporates a braid 114 disposed within the wall of a bra.ded 
0 portion BP of the catheter body 12g. This braid 1 14 enhances the column strength 
and torquability of the catheter body 12g. The sealed lumen 16g extends distal* 
beyond the distal end 1 18 of the braid 1 14 such that a distal segment 1 16 of the 
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sealed lumen is not surrounded by the braid 1 14 and is permeable by ultrasound of 
the type emitted from and received by an intravascular ultrasound imaging (IVUS) 
dev.ce. Alternatively, a non-metallic braiding material such as a polymer material 
may be used to allow the braid 1 14 to extend all the way to the distal end of the 
5 catheter body 12g without blocking or interfering with the desired passage of 
ultrasound through the distal portion of the catheter body 12g. In this regard, a 
working apparatus 15g that comprises an intravascular ultrasound imaging (IVUS) 
catheter may be inserted into the rearward end 28 of the sterility barrier 24, then 
through the connector 22 and advanced through the sealed lumen 18g until the 
0 transducer of the IVUS device is located within the ultrasound-permeable distal 
segment 1 16 of sealed lumen 18g. When so positioned, the IVUS device may be 
used to the image the surrounding walls of the vessel or anatomical structure in 
which the catheter body 12g is positioned and/or other anatomical structure's 
surrounding that vessel or anatomical structure. As will be appreciated by those of 
5 skill in the art, the ability to introduce an imaging device into the interior of a guide 
catheter may prove useful in numerous medical procedures were it is desirable to 
image the vessel within which the guide catheter is positioned and/or nearby 
anatomical structures. 

One example of such a procedure is the delivery of an intraluminal occluder 
or blocker into a blood vessel, such as a coronary vein, to fully or partially block the 
flow of blood through the vein, as described in PCT International Publication 
W097/27893, the entire disclosure of which is expressly incorporated herein by 
reference. In this regard, Figure 9b shows an example of a radially expandable 
intraluminal blocker apparatus 110 and Figure 9a shows an example of a pusher 
112 that is usable to the deliver the blocker apparatus 110 out of the distal end of 
the through lumen 16g of the guide catheter device 1 0g. The blocker 110 generally 
comprises a resilient wire frame 128 having a cover of elastomeric material 

polytetrafluoroethylene(PTFE)filmorothersuitablematerialdisposed thereon. The 
blocker 110 is compressable to a radially compact configuration, but when 
uncompressed will self-expand to its radially expanded configuration as shown in 
figure 9b. 
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In typical operation, the guide catheter device 10g is inserted into the 
patient's vasculature using sterile technique, as described here above in relation to 
the basic catheter device 10 of Figure 1 . In applications where the guide catheter 
10g is to be advanced into a coronary vein, a larger coronary sinus guide catheter 
such as that described in, and shown in Figures 11-11a of, PCT International 
Publication No. W099/49793 may be initially positioned in the coronary venous 
sinus, and this guide catheter 10g will then be advanced over a guidewire and 
through the lumen of the coronary sinus guide catheter, into the desired coronary 
vein. Thereafter, the guidewire over which this guide catheter 10g was advanced 
, into the coronary vein may be retracted and removed and a working apparatus 15g 
that comprises an IVUS imaging device will be advanced through the sterility barrier 
24 and into the sealed lumen 16g to a position where the transducer of the IVUS 
device is located within the ultrasound permeable distal portion 116 of the sealed 
lumen 16g. Thereafter, the IVUS may be used to visualize the wall of the coronary 
5 vein that surrounds the distal portion of the catheter body 12g and such image may 
be used to obtain a precise determination of the luminal diameter of that region of 
the coronary vein. Based on the diameter measurement obtained through use of 
the IVUS imaging device, a blocker 1 1 0 will be selected that has a diameter slightly 
larger than the luminal diameter of the coronary vein when in its fully radially 
•0 expanded configuration. Because a precise measurement of the vein's luminal 
diameter has been obtained by the IVUS imaging device, the operator need not 
guess or speculate as to the correct size of blocker 1 10 to be used. This enables 
precise size-matching of theblockerllOtotheluminaldiameter of theblood vessel, 
thereby minimizing the potential for slippage, movement or dislodgement of the 
25 blocker 1 1 0 due to undersizing of the blocker relative to the luminal diameter of the 
vessel orfor over-dilation, perforation or erosion ofthe vessel wall due to over-sizing 
of the blocker 1 10 relative to the luminal diameter ofthe vessel. After a blocker 110 
ofthe correct size has been selected, it will be compressed into its radially compact 
configuration and inserted into the through lumen 16g ofthe guide catheter device 
30 10g Thereafter, the distal end 124 of the pusher 112 will be advanced into the 
proximal end of the through lumen 16g. The operator will then grasp the handle 126 
of the pusher 1 12 and will advance the pusher through the lumen 16g to push or 
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expeltheblookerliooutofthedistaiendofthethroughlumen 
from the distal end ofthe catheter device 10g,theblocker 110 will setf-expand into 
fncfional engagement with the surrounding wall of the coronary vein such that the 
cover 130 ofthe blocker 110 will fully or partially block the flow of blood in at least 
oned,ection throughthe coronary vein. After the blocker 1 1 0 has been implanted 
« the vein lumen, the IVUS imaging device may once again be used to verify the 
proper placement and function ofthe blocker 110. 

Although described above and shown in Figures 9-9b with reference to 
placement of vascular blockers or occluders, it is to be appreciated that the guide 
catheter device 10g may be useable to deliver may other types of radially 
expandable apparatus at specific sites within the body. Examples of other types of 
radially expandable, implantable apparatus that may be delivered by the guide 
catheter 10g include but are not limited to self expanding stents, stent-grafts clips 
connectors, anastomotic clips, occlusion coils, endovascular grafts, etc. 

H. Construction and Modification of the Sterility Barrier 

As described hereabove, the tubular sterility barrier 28 that is included in all 
embodiments of the invention preferably comprises a tube formed of pliable or 
flexible plastic film or plastic sheet, such as polyethylene of 1 to 5 mils thickness 
In many applications, it will be desirable for the material of which the sterility barrier 
24 » formed to be clear or transparent so that the operator may see the non-sterile 
working apparatus 15 within the interior ofthe tubular sterility barrier 24. 

Additionally, in many applications it will be desirable for the sterility barrier24 
to be sufficiently light and flexible to allow the operator to place his/her gloved hand 
on the sterile outersurface ofthe sterility barrier24, to grasp the non-sterile working 

apparatus15ofthroughthesterilitybarrier24,and to thereby advance or retract the 
non-stenle working apparatus 15 within the sealed lumen 18. In this regard a 
murbpDcily of bumps, ribs, projections or other grasp-enhancing surface disruptions 
may be formed on the outer surface of the sterility barrier 24 to aid the operator in 
graspmg, advancing and/or retracting the working apparatus 15throughthe easterly 
the barrier 24. Also, as the operator grasps and advances the working apparatus 
15 through the tubular barrier 24 it will typically be necessary for the sterility barrier 
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to become slackened, compressed, convoluted or "bunched up" in the area ahead 
oftheoperatCshand. Providedthatthesterilitybarrier24isformedofmatenaUhat 
is sufficiently thin and flexible such slackening, compression, convolution or 
bunching up of the sterility barrier ahead of the operator's hand should not present 
5 a problem. Optionally, as shown in Figure 8, a modified catheter device 10h may 
incorporate a tubular steriiity barrier 24h that is formed of the above-described 
material but which is specially constructed to facilitate such slackening, 
compression, convolution or bunching up of the sterility barrier 24h ahead of the 
location 80 at operator's hand. This modified sterilfty barrier 24a incorporates a 
,0 iongrtudinalivshortenablereg^^ 

such as a series o, living hinges and/or one or more zig-zag sect,ons , the nature 
of an accordion configuration formed in the barrier24h at locations) drstaltottre 
operand piacementiocationSO. ^""^ZZl 

the sealed lumen 18 thereby causing the longitudinal., shortenable reg.on 82 to 
collapse and shorten as shown in Figure 8. Subsequent*, when it b 
retract or withdraw the working apparatus 15, the operator may aga,n grasp the 
working apparatus through the hand placement region 80 of the steri„ty b amer24h 
2 „ and pul, working apparatus 15 in the proximal direction, thereby causing he 
,ongi tudinaily shortenable region 82 to become extended and to return to ,ts on- 
Japsed conjuration. In, his embodiment, the. ubuiarstenTrtybarner 2 hw, be 

SF even when the longitudinally shortenable region 82 isfully collapsed, as shown 
25 in Figure 8. 

,. Sealing or Connection of the Tubular Sterility Barrier to the 

^Tordertoperformitsintendedfun^ 
30 andpreventingmicrobesorothercontaminantsfromenteringthesterilefleldSF^ 

is important tha, the forward end 28 of the sterility barrier 24 be sealed to th 
connector to 22, the hand piece 14 or elsewhere on the catheter dev,ce 10 ,n such 
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Ir .some embodiments, . m ay be desirabte for the sterility barrier 24 ,o be 
detachable from the remainder of the catheter device ,0 such Jcr 

Witt, reference to Figures 10 and 10a. this catheter device 10i incorporates a 
number of the elements of the basic catheter device 10 of Figure 1^ a 
elongate catheter body 1 2i , a hand piece 14,, a througMumen 16 /, hat e2 

of he cy ndnca, projection 146. A compressible elastomeric washer "mZ 

ht^ea S140 formed on Pouter surface 0,^0=^,0^^" 
2 lnHs m anner,,heconnec,or142 on the forward end 26I of ^sterility barrier 
ofhe 177 ^^'"^^^'^-^iformedonthehandpieceMi 
toonCr! ^^^'^^^"-^^"n^'indnoalmeleru 
1 T Stthee ' aS,OmeriCWaSher150 ^'ormasea, between the two 
connectors 142, 22i tha, wil, prevent any bacteria, viruses, parasites or Z 

lumen 16. from escaping into the sterile field SF. 
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It is to be understood and appreciated that the invention has been described 
Herein wKh reference to certain present, preferred embedments and examp ies 
oniy and no effort has been made to exhaustive* descnbe ail poss,bl 
emLimentsandexampiesofmeinventionMndeed.as^eKiiied.n.heartw, 

toLparticuiarembodimentsandexampiesdescr^hereabovew^utdepa^ 
^Lintendedspintandscopeoftheinvention. Accordingly, i* fended , a 
1„ such addHions, deletions, mediations and variations be included w*h,n the 
scope of the following claims. 



33 



WO 01/60427 



CLAIMS 



PCT/USOl/04472 



What is claimed is: 



10 
11 
12 
13 
14 

1 

2 



4 



A catheter device comprising: 

an elongate catheter having a distal portion that is insertable 



4 the distal portion; 

6 r th "'^"^'^^^^"VP^in.o.hedis.alportionof.he 

ca,e te ,a t eas, t hepo rt io„o, t he, um e„ t h a »ex te „dsin t othadis te , P „ rt o„ 

tZ e Z T'- beins sealed such ,hat any microbiai 

8 introduced theremto will not escape into the patient's body- 

a generally tubular sterility barrier one end of which is secured about 
he entry port such that a non-sterile working apparatus may be passed 

of the catheter and any microbes that become introduced in.othe interior of 
the tubular sterility barrier by such insertion of the non-sterile working 
apparatus will be contained therein. 

A catheter device according to Claim 1 wherein: 

a hand piece assembly is provided on the proximal end of the 

3 catheter: 



the entry port comprises an opening in the hand piece 
5 assembly; and, 

8 the distal end of the sterility barrier is affixed to the hand piece 

assembly about the opening comprising said entry port. 



A catheter device according to Claim 1 further comprising: 

a tissue penetrating element that is deployable laterally from the 
catheter to a target location within the body of the patient 

A catheter device according to Claim 1 wherein the lumen is a blind lumen. 
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5 A catheter device according to Claim 1 wherein the lumen is constructed to 
receive a working apparatus that comprises an imaging device such that the 
imaging device is useable to image the target location within the patents 
body. 

6 AcatheterdeviceaccordingtoClaimSwhereinthelumenisconstructedto 
receiveaworkingapparatusthatcomprisesanimagingdevicesuchthatthe 

imaging device is useable to image a target location within the patient's body 
,o which the tissue penetrating elementwill pass when it isdeployed from the 

catheter. 

7 A catheter device according to Claim 6 further comprising: 

, ' atleastoneimag e ablemarkerpositionedandconstructedtoprcv,de 

3 an indication of the trajectory on which the tissue penetraUng element will 

4 pass from the catheter to the target location; and, 
wherein the lumen of the catheter is configured to receive an ,mag,ng 

apparatus therewithin such thatthe imaging apparatus may be used to unage 
7 the imageable marker and the target location. 

, 8 AsystemccmprislngacatheterdeviceaccordingtoClaimlincombination 
wnhaworkingapparatusthatispassabiethroughthetubularstenl^bame 

3 through the entry port and to an operate position within the iumen of the 

catheter,saldworkingappara,usbeinguseab,ewhenln te o P era.veposri,on 

6 to perform a desired function within the patienf s body. 

, 9. AsystemaccordingtoClaimSwhereinthecatheterdeviceissterileandthe 

2 working apparatus is non-sterile. 

1 10 . A system according to Claim 8 wherein the working apparatus 

2 from the group consisting of: 

an imaging apparatus; 



5 



35 



WO 01/60427 



6 

7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
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a scope; 

a temperature sensor; 
a presure sensor; 
a stylet; 

a catheter tip-shaping stylet; 

a stiffening stylet; 

a light source; 

a light transmitting member; 

an optical fiber; 

a fiber optic bundle; 

a magnet; 

an electromagnet; 

a radiopaque marker; 

a radiation collector; 

an x-ray compass; 

vibrating apparatus; 

ultrasonic apparatus; 

sonic apparatus; 

apparatus for delivery of ionizing radiation; 
apparatus for emitting energy; 
apparatus for absorbing energy; 
a sensing apparatus; 
a diagnostic apparatus; 
a magnet; 

apparatus for rotational orientation of the catheter; and, 
apparatus for longitudinal positioning of the catheter. ' 



A catheter device according to Claim 1 adapted for use with a working 
apparatus that emits a form of energy, wherein the catheter device furthe 
3 comprises: 'u.u.ci 



4 



at least one energy-permeable location on the distal portion 
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of the catheter body through which the energy emMed by the working 
apparatus may pass. 



1 12. 



A catheter device according to Claim 1 wherein generally tubular sterility 



2 barrier is permanently attached to the catheter device. 



1 
2 

3 device 



A catheter device according to Claim 1 wherein one end of the generally 
tubular sterility barrier is attachable to and detachable from the catheter 



A balloon catheter device according to Claim 1 further comprising a balloon 
inflation lumen and a balloon formed on the distal portion of the catheter ,n 
fluidio communication with the balloon inflation lumen such that balloon 
inflation fluid may be passed into and withdrawn from the balloon, through 



1 
2 
3 
4 

5 the balloon inflation lumen. 

, 15. A balloon catheter device according to Cairn 14 wherein the balloon is an 
2 angioplasty balloon. 



A balloon catheter device according to Claim 14 for delivery of a pressure- 
expandable implantable device wherein the balloon is operative to rad.al.y 
expand a pressure-expandable implantable device that has been mounted 



1 16. 
2 
3 

4 on the balloon. 



1 17. 

2 

3 

1 18. 
2 
3 
4 



A balloon catheter device according to Calm 16 further comprising a 
pressure-expandableimplantabledevicemountedontheballoonlnarad.ally 

collapsed condition while the balloon is deflated. 

A balloon catheter device according to Claim 17 wherein the pressure- 
expandable implantable device is selected from the group consist^ of: 

a stent; 

a stent-graft; 
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2 

3 

1 21. 

2 

3 

4 

5 

6 

7 
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1 22. 

2 

3 
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an endovascular graft; 

a connector; 

a clip; and, 

an anastomotic clip. 



1 19. 
2 
3 
4 
5 



4 patient. 



A catheter device according to Claim i for delivery of a self-expandina 
m» device, said carter device further comprising . 

™ P antable dev,ce on me catheter in a radial* collapsed condfton and b 
seouentjy release the seeding imputable device to allow radia 
self-expansion of the stent. 

A catheter device according to Claim 1 9 further in combination with a « 
arad.alrvcollapsedconfigurationbysaidconstrainingandreleaseappara.us. 

irrr ice accordin9 ,o aa,m z ° »• ^^ ng 

implantable device is selected from the group consisting of: 
a stent; 
a stent-graft; 
an endovascular graft; 
a connector; 
a clip; and, 
an anastomotic clip. 

A catheter device according to Claim 1 further comprising: 

a treatment element located on the distal end of the catheter 
body said treatment element being operative to deliver a treatment to the 



1 23. 
2 



A catheter device according to Cairn 22 wherein the treatment e.ement is 
selected from the group consisting of: 
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3 an atherectomy cutter; 

4 drug delivery element; 

5 a balloon; 

q a porous balloon; 

7 a radiation source; 

8 a stent; 

9 a stent-graft. 

10 acl, P' 

^ a connector; and, 

12 an anastomotic clip. 

1 24 A system according to Claim 22 in combination with a working apparatus that 

2 is passable through the tubular sterility barrier, through the entry port and to 

3 anoperativepositionwithinthelumenofthecatheter.saidworkingapparatus 

4 being useable when in its operative position to perform a desired funct.cn 

5 within the patient's body. 

. 1 25. . AsystemaccordingtoClaim24whereintheworkingapparatu S isanimaging 

2 device. 

1 26 A system according to Claim 8 wherein the catheter device and working 

2 apparatus are constructed such that the working apparatus is mainta.ned m 

3 a substantially fixed rotational orientation relative to the distal portion of the 

4 catheter body. 

! 27 A system according to Claim 26 wherein the working apparatus and the 

2 lumen in which it is inserted are mechanically keyed to one another to hold 

3 theworkingapparatusinasubstantiallyfixedrotationalorientationwithmsa, 

4 lumen. 
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1 28. 

2 

3 



1 29. 
2 



3 

4 positioned. 



A system comprising a) a catheter device according to Claim 1 and b) a 
workmg apparatus comprising an imaging device useable to image at least 
a porta, of a blood vessel in which the catheter device is positioned. 

A system comprising a) a catheter device according to Claim 1 and b) a 
workmg apparatus comprising an ionizing radiation emitting apparatus to 
irradiate at least a portion of the blood vessel in which the catheter device is 
positioned. 



1 30. Asy S temaccordingtoClaim29wherein,heioni z ingradiatior,emfflngdevice 
^ emits beta radiation. 



1 31. Acatheterdevice according to Claim 1 wherein the sterility barrier is formed 
of flexible polymer material having a thickness of approximately 1-5 mils. 

1 32. A catheter device according to Claim 1 wherein the sterility barrier is 

2 substantially transparent. 



1 33. A catheter device according to Claim 1 wherein the sterility barrier is 

2 sufficiently flexible to allow the operator to grasp the working apparatus 
through the sterility barrier and to thereby advance the working apparatus 

4 into the lumen. 



1 34. AguidecatheterdeviceaccordingtoClaimlwhereinatleastaportionofthe 

2 catheter body is braided. 



1 35. 

2 

3 

4 

5 



A system comprising a catheter device according to Claim 1 further 
comprising a second lumen that extends through the catheter body and 
opens d.stally through an opening formed in the distal portion of the catheter 
body, in combination with i) a self-expanding implantable device that 
disposable within the second lumen in a radially collapsed configuration and 
"Japusherforpushingtheself-expanding implantable device out ofthedistal 
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7 opening of the second lumen such that the device may radially expand and 

8 become implanted within the patient's body. 

1 36. A catheter device according to Claim 35 wherein the self-expanding 

2 implantable device is selected from the group consisting of: 
2 a blocker; 

4 a stent; 

5 a stent-graft; 

6 an endovascular graft; 

7 a connector; 
g a clip; and, 

9 an anastomotic clip. 



A tissue penetrating catheter device useable, in conjunction with a separate 
imaging apparatus, to penetrate from the lumen of a patient's blood vessel, 
outwardly throughthe wall ofthat blood vessel, and to a target location wrth.n 
the patient's body, said tissue penetrating catheter device compns.ng: 

a) a flexible catheter body having i) a proximal end, ii) a distal 
portion that is insertable into the blood vessel, iii) a penetrator outlet 
formed in distal portion, iv) an imaging apparatus inlet located 
proximal to the distal portion and v) an imaging lumen that extends 
from the imaging apparatus inlet into the distal portion of the catheter 
body at least the portion of the imaging lumen located within the d.stal 
portion of the catheter body being sealed such that any microbial 
contamination introduced thereinto will not escape into the patients 
body when the when the distal portion of the catheter body ,s 
14 positioned within a blood vessel; 

b) a penetrator passable out of the penetrator outlet; and, 

c) a generally tubular sterility barrier, one end of said sterility 
barrier being secured about the imaging apparatus inlet such that an 
elongate imaging apparatus may be passed through the tubular 
sterility barrier, through the imaging apparatus inlet and to an 



15 
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20 operative position within imaging lumen to permit the imaging 

21 apparatus to be used to obtain an image of the marker and the target 

22 location. 



1 38. 

2 

3 



2 



A catheter device according to Claim 37 further comprising: 

d). at least one marker formed on the catheter to indicate the direction 
in which the penetrator will pass from the catheter body. 

A catheter device according to Claim 37 wherein the sterility 
barrier is permanently sealed to the remainder of the catheter device by a 



3 microbe-tight seal. 



1 40. 
2 



1 41. 



A catheter device according to Claim 37 wherein the sterility 

barrier is attachable to and detachable from the remainder of the catheter 

device by a microbe-tight seal. 

A catheter device according to Claim 37 wherein the penetrator comprises 



2 a flow of energy. 



1 42. 



2 beam. 



A catheter device according to Claim 41 wherein the penetrator is a laser 



1 43. A catheter device according to Claim 37 wherein the penetrator comprises 

2 an elongate penetrating member. 

1 44. A catheter device according to Claim 43 wherein a guidewire lumen extends 

2 longitudinally through the tissue penetrating member. 



A catheter device according to Claim 44 wherein: 

the marker comprises an imageable member located at a radial 
position that is in known alignment with the direction in which the penetrator 



4 will extend when deployed from the catheter. 
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1 46. A catheter device according to Claim 37 wherein: 

2 the marker comprises a plurality of elongate members that extend 

3 longitudinally, at circumferential^ spaced-apart locations aboutthe catheter; 

4 the imaging lumen extends into a location amidst said 

5 elongate members; 

6 a first one of the elongate members is located at a radial position that 

7 is in known alignment with the direction in which the penetrator will extend 

8 when deployed from the catheter; and, 

9 the imaging apparatus, when in its operative position, is 

I o capable of providing an image of the marker, the image of the marker thereby 

I I enabling the operator to rotationally orient the catheter body in the blood 

12 vessel such that when the penetrator is subsequently deployed it will pass to 

13 the target location. 

1 47 A catheter device according to Claim 37 wherein the tissue penetration 

2 member is resilient and has a distal portion, the distal portion of the tissue 

3 penetration member being preformed to a curved configuration, said tissue 

4 penetration member being longitudinally retractable into the catheter body 

5 and longitudinally advanceable out of the catheter body. 

1 48. A catheter device according to claim 37 wherein the sterility barrier is 

2 permanently attached to the catheter device. 

1 49. A catheter device according to claim 37 wherein the sterility barrier is 

2 detachable from the catheter device. 

1 50. A catheter device according to Claim 37 further comprising a hand piece on 

2 the proximal end of the catheter body, said imaging apparatus inlet being 

3 formed on the hand piece. 
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1 51. Acatheterdevlceacc^ 

of flex.ble polymer material having a thickness of approximately 1-5 mils. 

1 52. A catheter device according to Claim 37 wherein the sterility barrier is 

2 substantially transparent. 



1 53. 

2 

3 



A catheter device according to Claim 37 wherein the sterility barrier is 
sufficiently flexible to allow the operator to grasp the working apparatus 
through the sterility barrier and to thereby advance the working apparatus 
4 into the lumen. 

54. A system comprising a catheter device according to Claim 37 in combination 
with an elongate imaging apparatus that is sized for insertion into the imaging 
lumen of the catheter device. 

55. A system according to Claim 54 wherein the imaging apparatus comprises 
an ultrasonic imaging catheter. 

56. A system according to Claim 54 wherein the imaging apparatus comprises 
an ultrasonic imaging wire. 

57. Asystem according to Claim 54 wherein the catheter device is sterile and the 
imaging apparatus is non-sterile. 



58. 



A method for performing a procedure wherein a sterile field is to be 
maintained adjacent to a percutaneous catheter entry site, said method 
comprising the steps of: 

(a) providing a sterile catheter device that includes: 

an elongate, flexible catheter having a proximal end and 
a distal portion that is insertable into a luminal anatomical 
structure of a patient; 

an entry port formed proximal to the distal portion; 
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9 a lumen that extends from the entry port into the distal 

! o portion of the catheter, the portion of the lumen that is located 

within the distal portion of the catheter being sealed such that 
any microbes introduced thereinto will be contained therewithin 
and will not escape into the body of the patient; and, 

a generally tubular sterility barrier having a first end and 
a second end, the first end being in sealed attachment about 
the entry port such that a working apparatus may be passed 
through the tubular sterility barrier, through the entry port and 
into the lumen of the catheter, the length of said sterility barrier 
being sufficient to extend from the entry port and through the 
sterile field and the sterility barrier and said sealed attachment 
being such that any microbes that enter into the sterility barrier 
22 or the lumen will remain contained therewithin; 

providing a working apparatus that is sized to pass into the lumen of 
the catheter device and operative to perform a function desired as part 
of the interventional procedure; 

inserting the catheter device into the patient's body through the 
percutaneous entry site; 

positioning the sterility barrier such that it extends through the sterile 
field with its second end located outside of the sterile field; 
advancing the working apparatus into the first end of the sterility 
barrier, through the sterility barrier, through the entry port and into the 
lumen of the catheter device; and 

using the working apparatus to perform a function desired as part of 
the interventional procedure. 
n 59. AmethodaccordingtoClaim58whereinStepEisperformedbeforeSte P C. 

60. A method according to Claim 58 wherein Step C is performed before Step E. 
1 61 . A method according to Claim 58 further comprising the step of: 



23 


(b) 


24 




25 




26 


(c) 


27 




28 


(d) 


29 




30 


(e) 


31 




32 
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(f) 
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(9) removing the working apparatus from the catheter device. 

A method according to Claim 61 further comprising the step of 
(h).nsertingasecond working apparatus through the steriirty barrier and into 
the sealed lumen of the catheter device. 



1 63. A method according to Claim 58 further comprising the step of 

(g) removing the catheter device and working apparatus from the patienf s 
o body. 



A method according to Claim 58 wherein Step b comprises a working 
apparatus that is selected from the group consisting of: 
an imaging apparatus; 
a scope; 

a temperature sensor; 
a presure sensor; 
a stylet; 

a catheter tip-shaping stylet; 
a stiffening stylet; 
a light source; 
a light transmitting member; 
an optical fiber; 
a fiber optic bundle; 
a magnet; 
an electromagnet; 
a radiopaque marker; 
a radiation collector; 
an x-ray compass; 
vibrating apparatus; 

20 ultrasonic apparatus; 

21 sonic apparatus; 
apparatus for delivery of ionizing radiation; 
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23 apparatus for emitting energy; 

24 apparatus for absorbing energy; 

25 a sensing apparatus; 
25 a diagnostic apparatus; 

27 a magnet; 

28 apparatus for rotational orientation of the catheter; and, 

29 apparatus for longitudinal positioning of the catheter . 

1 65. A balloon angioplasty method according to Claim 58 wherein: 

2 the catheter device provided in Step a further comprises an 

3 angioplasty balloon mounted on the catheter body and a balloon 

4 inflation/deflation lumen that extends through the catheter body in 

5 fluidic communication with the balloon; 

6 step C comprises inserting the catheter device in an obstructed 

7 blood vessel; and, 

8 the method further comprises the step of inflating the balloon 

9 to perform balloon angioplasty in the obstructed blood vessel and 
1 o thereafter deflating the balloon. 

1 66. A balloon angioplasty procedure according to Claim 65 wherein the working 

2 apparatus provided in Step b is an imaging apparatus and wherein Step f 

3 comprises using the imaging apparatus to assess the degree of blockage of 

4 the blood vessel before, during or after the balloon angioplasty. 

1 67. A balloon angioplasty procedure according to Claim 65 wherein the working 

2 apparatus provided in Step b is an ionizing radiation emitting apparatus and 

3 wherein Step f comprises using the ionizing radiation emitting apparatus to 

4 deliver a dose of radiation to the wall of the blood vessel treated by the 

5 balloon angioplasty procedure. 

1 68. A balloon angioplasty procedure according to Claim 65 wherein: 
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2 ^^^^P^inStepafarthercompnsesatra^pa^n, 

3 window formed adjacent the lumen; 

* the worthg apparatus provided in Step b comprises an angioscope 

5 operate to receive an image through the transparent window and 

Step f comprises using the angioscope to obtain through the 
*ansparentwindowan imageof the lumen ofthe blood vesseltaated by the 

0 balloon angioplasty procedure. 

1 69. An atherectomy method according to Claim 58 wherein: 

2. the catheter device provided in Step a further comprises an 

J atherectomy cutter; 



Step C comprises inserting the catheter device into an obstructed 

0 blood vessel; and, 

6 themethodfurtherc ^Prisesusingtheatherectomycuttertoremove 

1 obstructive matter from the lumen ofthe blood vessel. 



1 70. An atherectomy method according to Claim 69 wherein a working apparatus 

2 prov,ded in Step b is an imaging apparatus and wherein Step f comprises 

3 usmg the imaging apparatus to assess the degree of blockage ofthe blood 
vessel before, during or after the atherectomy. 



1 71. 
2 



An atherectomy method according to Claim 69 wherein a working apparatus 
provided in Step b is an ionizing radiation emitting apparatus and wherein 

3 Step f comprises using the ionizing radiation emitting apparatus to deliver a 
dose of radiation to the wall ofthe blood vessel treated by the atherectomy. 

1 72. AnatherectomymethodaccordingtoClaim69whereinaworkinga PP aratus 

2 prov,ded in Step b is a rotatable drive member for driving the atherectomy 
cutter and wherein Step f comprises using the rotatable drive member to 

4 drive the atherectomy cutter. 

1 73. An atherectomy method according to Claim 69 wherein: 
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2 the catheter device provided in Step a further comprises a transparent 

3 window formed adjacent the lumen; 

4 the working apparatus provided in Step b comprises an 

5 angioscope operative to receive an image through the transparent window; 

6 and, 

7 Step f comprises using the angioscope to obtain through the 

8 transparent window an image of the lumen of the blood vessel treated by the 

9 atherectomy. 

1 74. A method according to Claim 58 for creation of a penetration tract between 

2 a blood vessel and a target location outside of that blood vessel, wherein: 

3 the catheter device provided in Step a further comprises a penetrator 

4 that is passable from the catheter body to penetrate outwardly through the 

5 wall of the blood vessel in which the catheter body is positioned, and to the 

6 target location; 

7 Step C comprises inserting the catheter device into a blood vessel; 

8 and, 

9 the method further comprises using the penetrator to form a 

I o ■ penetration channel through the wall of the blood vessel in which the catheter 

I I is located to said target location. 

1 75. A method according to Claim 74 wherein a lumen extends longitudinally 

2 through the penetrator and wherein the method further comprises; 

3 passing a guidewire through the lumen of the penetrator and into the 

4 target location. 

1 76. A method according to Claim 74 wherein the target location is a second 

2 blood vessel. 

1 77. AmethodaccordingtoClaim76whereinoneofthebloodvesselsisanartery 

2 and the other of the blood vessels is a vein. 
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A method according to Claim 74 further comprising the step of 

enlarging the penetration tract formed by the penetrator to create a 
blood flow channel through which blood may flow from one of the blood 
vessels into the other of the blood vessels. 

A method according to Claim 78 wherein one of the blood vessels is a vein 
and the other the blood vessels is an artery, and wherein the blood flow 
channel permits arterial blood from the artery to flow into the vein 



1 80. 

2 

3 



A method according to Claim 79 further comprising the step of: 

occluding the lumen of the vein to facilitate the flow of 
arterial blood through the vein in a direction opposite the direction of normal 
4 venous blood flow. 



A method according to Claim 78 wherein one of the blood vessels is a vein 
and the other the blood vessels is an artery, and wherein a first one of said 
blood flow channels is formed to permit arterial blood from the artery to flow 
mto the vein and wherein the method further comprises the steps of 

forming a second blood flow channel between the vein and an artery 
such that arterial blood that has entered the vein through the first 
blood flow channel will pass through the second blood flow channel 
and into an artery. 



1 82. A method according to Claim 81 further comprising the step of- 

2 occluding the vein in at least one location to facilitate the flow of 

3 arterial blood through the firs, blood flow channel, through the vein in a 

4 direction opposite normal venous blood flow and through the second blood 
o flow channel into an artery. 



83. A method according to Claim 74 wherein the wortking apparatus provided in 
Step b is an imaging apparatus and wherein Step f comprises using the 
'magmg apparatus to obtain an image of the tamet location into which the 
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penetrator is intended to pass to facilitate rotational orientation of the 
catheter body such that the penetrator will penetrate outwardly through the 
wall of a blood vessel in which the catheter body is positioned and to the 



7 target location. 



84 A method according to Claim 83 wherein the imaging apparatus is an 
ultrasonic imaging apparatus and wherein Step f further comprises using the 
ultrasonic imaging apparatus to obtain an ultrasound image 

A method according to Claim 74 wherein the working apparatus provided in 
Step b is an ionizing radiation emitting apparatus and wherein Step f 
comprises using the ionizing radiation emitting apparatus to deliver a dose 
of radiation to the wall of the channel created between the artery and the 
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5 adjacent vein. 



1 86 A method according to Claim 74 wherein: 

2 the catheter device provided in Step a further comprises a transparent 

3 window formed adjacent the lumen; 

4 th e working apparatus provided in Step b comprises an angioscope 
operative to receive an image through the transparent window; and, 

Step f comprises using the angioscope to obtain through the 
transparent window an image of the lumen of the blood vessel within which 
the catheter body is positioned. 
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